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Abstract 
Numerous factors affect cow efficiency, but the most important one is reproductive performance. 

Increased productivity generates less greenhouse gas emission per unit of product and this article gives an 

overview of breeding objectives, appropriate selection criteria and crossbreeding strategies to ensure climate 

smart beef production in changing environments. The three traits of importance to cow efficiency described in 

this article are: (1) weaning weight of the calf, (2) feed requirements to produce the calf and for this purpose 

the cow Large Stock Unit (LSU) units were estimated because it is linked to daily feed intake; and (3) the 

frequency at which a calf is produced, where inter-calving period (ICP) was used to estimate calving 

percentage. The relative contribution of the three traits towards cow efficiency was also investigated. Results 

indicate that cow efficiency increased in some breeds while it decreased in others. Inter-calving period has by 

far the biggest contribution to cow efficiency (44 – 51%), followed by weaning weight of the calf (32 – 33%). 

Cow weight, expressed in LSU had the smallest contribution (17 - 24%). A matter of concern is that the ICP 

of 10 breeds increased by 10 days or more from 1999 to 2008. Fertility is one of the important proxy indicators 

for adaptation. The question is whether these observations are an indication that climate change is starting to 

have an effect on beef production in South Africa. It is also reported that cow efficiency can be increased by 

up to 46% without additional herd costs to the farmer through properly designed crossbreeding systems, 

thereby promoting climate smart beef production systems and reducing the carbon footprint. As a way forward, 

breeding objectives to improve cow efficiency and fertility should be developed. In addition, early-in-life 

indicator traits in beef cows should be investigated to improve fertility. 
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Introduction 

The relationship between cow weights and calf weaning weights has been investigated as far back as the 

1950’s. Large parts of the cost in cow-calf production systems are related to the cow maintenance and 

production requirements (e.g. gestation and lactation) and since calf weight is the principle output from such 

as system, Vanmiddlesworth et al. (1977) recommended further research on the calf to cow weight ratio as a 

measure of “cow gross efficiency”. 

For some reason the research on cow efficiency faded. A possible explanation is that with the 

developments in the estimation of breeding values and selection indices the focus shifted to the component 

traits associated with production and that efficiency of production was neglected. However, in beef cattle the 

search for the optimum cow is still ongoing (Greiner, 2009) and has become a “holy grail” for the seed stock 

industry (Tedeschi et al., 2004). The ideal beef cow should be the one that use less resources to produce the 

same output in a sustainable environment (Tedeschi et al., 2004). This will be a reflection of biological 

efficiency. The historic definition of biological efficiency has been defined as the kilogram of calf weaned per 

cow exposed, but this is changing with the realization that it is important to have some input-output relationship 

(Jenkins & Ferrell, 2002; Greiner, 2009).  

There are numerous factors that can affect cow efficiency. They include, but are not limited to, cow 

maintenance, gestation and lactation feed requirements, calf maintenance and growth requirements, and calf 

weight; and perhaps the most important one – reproductive performance (Jenkins and Ferrell, 2002; Greiner, 

2009). Cow efficiency can be profoundly affected by differences in reproduction, irrespective of other factors 

such as feed consumption and calf weight. Efficient cows are those that produce calves regularly and 

reproduction is the constant variable defining cow efficiency, while the relative importance of other variables 

may change with fluctuations in production environments and prevailing market conditions (Notter, 2002). 
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The cow-calf production cycle represents approximately 72% of the energy consumed from conception 

to slaughter (Ferrell & Jenkins, 1982). If cow maintenance requirements can be reduced, the feed energy 

requirements will be less and this should reduce the input cost of the cow and thus improve cow efficiency. 

An effective way to reduce the carbon footprint from beef production and to support climate smart 

production, is to reduce the cattle numbers and increase the production per animal. Increased productivity 

results in less greenhouse gas emission per unit of product. It therefore becomes increasingly important to 

define breeding objectives and to develop appropriate selection criteria and crossbreeding strategies to ensure 

that beef production is effective and aimed at sustainable production (climate smart production) with changing 

environments. 

 

Understanding Cow Efficiency 
Although biological and economic efficiency may be related they are not necessarily the same. For 

example, a cow with a low biological efficiency due to high feeding requirements relative to the weaning 

weight of her calf, may have a relatively high economic efficiency if feed costs are low (Greiner, 2009). 

Optimal and sustainable production efficiency should be the goal of any beef production system 

(Schiermiester, 2014). Cow efficiency is normally a complex, multi-trait measure that is variable depending 

on differences in production environments and management systems (Greiner, 2009). Hence, the most efficient 

cow may not be the same for different production environments, such as the difference between northern 

hemisphere (temperate environments) and southern hemisphere (tropical and subtropical environments) 

countries. 

In beef production, cow-calf production efficiency can be expressed as the ratio of kilogram of calf 

weaned per unit of forage consumed.  Utilization of feed has long been recognized as one of the most essential 

factors in determining profitability in the beef cattle production enterprise. Efficiency basically measure the 

inputs needed to create a desired output. However, measuring efficiency may differ and be complicated due to 

the various variables that contribute to the efficiency and effectiveness of the breeding herd (Maddock and 

Lamb, 2010). Measures of efficiency can also differ from one production system to the other. 

There are basically only two measures of cow efficiency, namely calf weaning weight/cow weight ratio 

(MacNeil, 2007) and calf weaning weight/cow weight0.75 ratios (Rasby, 2010). Jordaan (2015) and Mokolobate 

(2015) investigated and proposed the use of kilogram calf weaned per Large Stock Unit (KgC/LSU) as a 

measure of cow-calf efficiency or cow productivity. 

The official definition of LSU in South Africa is the equivalent of an ox with a live weight of 450 kg 

which gains 500 g per day on grass pasture having a mean digestible energy of 55% and to maintain this 75MJ 

per day is required (Meissner et al.1983). This is similar to the Animal Unit used in North America (Thorne 

& Stevenson, 2007).  

It is important to note that the LSU equivalent of cows with the same body weight but different frame 

sizes is different. Furthermore, the relationship between cow weight and LSU is not linear. For example, the 

LSU unit of a small frame cow of 450 kg is 1.32, whereas that of a large frame cow of 450 kg is 1.6 LSU. 

Similarly, the 450 kg small frame cow will require 12 kg of grass per day and the 450 kg large frame cow 15 

kg of grass per day, a difference of 25% (Mokolobate, et al., 2015). The differences in LSU units between 

animals of the same body weight, but with different frame sizes is based on the principle that there are 

differences in the voluntary feed intake between such animals, although they have the same body weight 

(Meissner et al., 1983). 

 

Mathematical Definition of Cow Efficiency 

MacNeil et al. (2015) gave the following mathematical definition for efficiency ( as adapted from the 

work of Dickerson (1970, 1976, 1982).: 

𝐸𝑥𝑝𝑒𝑛𝑠𝑒

𝑃𝑟𝑜𝑑𝑢𝑐𝑡
=

𝑅𝑑 + 𝐼𝑑 + 𝐹𝑚𝑑 + 𝐹𝑝𝑑 + 𝑁𝑜[𝐷𝑜(𝐼𝑜+𝐹𝑚𝑜+𝐹𝑝𝑜) + 𝑆𝑜]

𝑃𝑑𝑉𝑑                       +             𝑁𝑜𝑃𝑜𝑉𝑜
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Where: 

Rd = annualized replacement cost 

Id = annual non-feed cost 

Fmd = annual maintenance feed cost 

  𝐹𝑝𝑑 = annual feed cost for performance (e.g., milk production) 

𝑁𝑜 = number of offspring marketed per breeding female (may be fractional); 

𝐷𝑜 = number of days from weaning to harvest for offspring 

𝐼𝑜 = daily non-feed cost for progeny during the postweaning period 

𝐹𝑚𝑜 = daily feed cost for maintenance of offspring 

𝐹𝑝𝑜 = daily feed cost for performance of offspring 

𝑆𝑜 = annual non-feed cost per offspring marketed 

𝑃𝑑 = annualized product marketed from a breeding female (i.e., a cull cow) 

𝑉𝑑 = unit value of product marketed from a breeding female 

𝑃𝑜 = annual product marketed from offspring 

𝑉𝑜 = unit value of product marketed from offspring. 

(Those in Italics are related to the cow-calf cycle) 

The three traits that influence cow efficiency as defined for this presentation are: (1) weaning weight of 

the calf, (2) feed requirements to produce the calf and for this purpose the cow LSU units were estimated since 

it is linked to daily feed intake; and (3) the frequency at which a calf is produced, where ICP was used to 

estimate calving percentage according to the equation of Roux & Scholtz (1984). 

          Cow efficiency was thus estimated as: (205-day weaning weight of calf/cow LSU unit) x calving 

percentage. 

 

Results and Discussion 
Large Stock Units, cow size and calf weight 

The requirements of forage intake in kilogram Dry Matter (DM) of a small, medium and large frame 

cow with calf have been published by Meissner et al. (1983) and are listed in Table1. 

 

 

Table 1 Cow weights and daily feed intake DM (Kg) of lactating beef cows of different 

 Small Frame Medium Frame Large Frame 

Cow 

weight 

Voluntary 

Feed Intake 

LSU Voluntary 

Feed Intake 

LSU Voluntary 

Feed Intake 

LSU 

350 10.0 1.11 10.6 1.17 12.8 1.42 

400 11.0 1.22 11.7 1.29 13.9 1.55 

450 11.9 1.32 12.6 1.40 15.0 1.66 

500 12.8 1.42 13.6 1.50 16.0 1.78 

550 13.7 1.52 14.5 1.60 16.8 1.88 

600   15.3 1.69 17.8 1.98 

 

 

The phenotypic and breeding values for weaning weight, cow weight and the calf/cow ratio of seven 

major seed stock beef cattle breeds are summarized in Table 2 (Jordaan, 2015) and indicate the difference in 

phenotypic and genetic values between 1988 and 2008. 

From Table 2 it is clear that the phenotypic and genetic changes in weaning and cow weights were 

positive for the majority of the breeds, except for breeds D and G. In breeds B and F there were a drastic 

increase in cow weight over the 20-year period from 1988 to 2008, but weaning weight did not respond 

accordingly. This resulted in a decrease of the calf/cow ratio. 
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Table 2 Phenotype and direct breeding values for weaning weight, cow weight and the ratio between the two 

over 20 years (1988 – 2008) for seven major seed stock beef cattle breeds 

Breed Trends in weaning weight, cow weight and the calf/cow ratio 

Weaning weight (kg) Cow weight (kg) Calf/cow 

ratio in % 

units 
Phenotype Genetic Phenotype Genetic 

A +12 +6 +15 +3 +3.2 

B +15 +7 +52 +16 -4.2 

C +6 +5 +35 +3 -1.9 

D -19 +5 +4 +22 -2.8 

E +1 +2 +34 0 -1.4 

F +17 +9 +55 +15 -0.9 

G -5 0 -18 -3 +0.3 

 

 
Cow efficiency 

Genetic, phenotypic and environmental trends for a 25-year period (animals born in 1980 – 2005) for 

mature cow weight, ICP and weaning weight trends from for the Landrace (breeds indigenous to South Africa 

or locally developed) Afrikaner, Bonsmara, Drakensberger and Nguni breeds were estimated (Jordaan, 2015). 

In Table 3 the phenotypic and genetic trends/changes for the three traits are summarized as well as the resultant 

effect on cow efficiency (defined as 205-day weaning weight of calf/cow LSU unit x calving percentage).  

 

 

Table 3 Summary of phenotypic and genetic changes for the three basic traits  

(in kg) and cow efficiency (% increase) for the four Landrace breeds for animals born in 1980 to 2005 

 Type of 

trend 

Weaning 

weight 

Mature cow 

weight 

Inter-calving 

period 

Cow 

efficiency 

Afrikaner Phenotypic +20.4 -8.3 -19.7 18.3% 

 Genetic +7.0 +3.8 +1.0  

Bonsmara Phenotypic +9.1 +17.5 -16.9 10.0% 

 Genetic +11.7 +15.9 -0.2  

Drakensberger Phenotypic +1.7 +8.5 -34.0 14.2% 

 Genetic +6.2 +15.1 -1.80  

Nguni Phenotypic -0.7 -17.3 -19.4 10.4% 

 Genetic +1.2 +0.7 -0.3  

 

 

From Table 3 it can be seen that the phenotypic trends for both weaning and mature cow weights were 

positive for all breeds, except for weaning weight in the Nguni and mature cow weight in Afrikaner and Nguni. 

Interestingly, the genetic trends in weaning and mature cow weights were positive in all breeds, albeit small 

in the case of the Nguni. There was no genetic trend for ICP in any of the breeds. It has been argued that the 

Estimated Breeding Value (EBV) for a trait such as ICP is not valid and that days to calving is a feasible 

alternative (Johnston & Bunter, 1996). Unfortunately, the latter is rarely recorded in South Africa. However, 

the phenotypic trend for ICP decreased drastically by between 16.9 and 34 days. The net effect is that cow 

efficiency increased by between 10.0% and 18.3%. 

The phenotypic changes of four exotic breeds (breeds that originate from outside the African continent) 

for the same traits over a period of 25 years and the effect on cow efficiency are presented in Table 4. From 

Table 4 it is clear that calf weight and cow weight increased in all cases, albeit with different percentages. In 

breeds I and II cow efficiency decreased because cow weight increased with a higher percentage than calf 

weight, whereas ICP also increased. In the case of breed III cow efficiency increased because calf weight 

increased by 19% and cow weight only by 9%. The main reason for the increase in cow efficiency of breed IV 

is the more than 8% decrease in ICP. 
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It is also important to understand the relative contribution of the three traits towards cow efficiency. This 

was investigated by changing each one with 5% while keeping the other two constant for the different frame 

sizes. The comparison of cow efficiency between different frame size cows for the respective percentage 

changes are given in Table 5. 

 

 

Table 4 Phenotypic changes in weaning weight, mature cow weight and inter-calving period over a period of 

25 years in four exotic breeds and the effect on cow efficiency. 

Breed Weaning weight Mature cow weight Inter-calving 

period 

Cow efficiency 

I +5.2% +9.3% +2.2% -3.6% 

II +5.9% +10.6% +1.3% -3.5% 

III +19.0% +9.0% +0.9% +8.6% 

IV +11.9% 19.4% -8.4% +11.5% 

 

 

From Table 5 it is clear that ICP has by far the biggest effect on cow efficiency and depending on the 

frame size its contribution varies by between 44 and 51%. Cow weight (higher cow weight is undesirable when 

feed is a limiting resource) has the smallest contribution, viz. between 17 and 24%. The contribution of calf 

weight is very stable and varies between 32 and 33%. 

 

 

Table 5 Comparison of cow efficiency between different frame size cows with a 5% change in each trait 

Frame size Cow weight Calf 

weight 

ICP 

(days) 

% Change in 

cow efficiency 

Relative 

import. 

Small      

Average 450  190 430   

Cow weight +5% 473 190 430 -4.0% 24% 

Calf weight +5% 450 200 430 +5.3% 32% 

ICP  -5% 450 190 409 +7.3% 44% 

Medium      

Average 500 210 430   

Cow weight +5% 525 210 430 -3.2% 20% 

Calf weight +5% 500 221 430 +5.2% 33% 

ICP -5% 500 210 409 +7.3% 47% 

Large      

Average 580 244 450   

Cow weight +5% 609 244 450 -2.5% 17% 

Calf weight +5% 580 256 450 +5.0% 32% 

ICP -5% 580 244 428 +7.9% 51% 

 

 
Cow fertility in South Africa 

The estimated calving percentages for the different sectors are presented below (Scholtz et al. 2008; 

Scholtz 2010). 
i) All stud breeds in performance recording: 76% 

ii) Commercial herds in performance recording: 83% 

iii) Total commercial sector: 61% 

iv) Emerging sector: 48% 

v) Communal sector: 35% 
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The seed stock beef breeds in South Africa from Scholtz (2010) were categorized according to ICP as 

indicated below. In addition, the estimated calving percentages are given in brackets. 

i) 2 breeds: < 400 days (calving percentage > 90%) 

ii) 14 breeds: 400 to 439 days (calving percentage 80 - 90%) 

iii) 12 breeds: 440 to 480 days (calving percentage 68 - 79%) 

iv) 2 breeds: > 480 days (calving percentage <68%) 

A matter of concern is that the ICP of 10 breeds increased by 10 days or more from 1999 to 2008. These 

fertility indicators clearly highlight the need for much more attention to fertility and the identification or 

reasons for the low calving percentages. 

Fertility is one of the important proxy indicators for adaptation. The question is whether these 

observations are an indication that climate change is starting to have an effect on beef production in South 

Africa. 

 

What is currently available in South Africa? 

South African Stud Book (2015) is estimating a cow value that is based on a combination of estimated 

breeding values (EBV’s) (% contribution indicated in brackets) in respect of: 

i) calving ease (5%) - direct and maternal birth weight 

ii) calf growth (24%) – weaning weight  

iii) milk (14%) – mothering ability of the cow 

iv) maintenance (20%) – mature weight 

v) fertility (37%) – age at first calving and inter-calving period. 

Breedplan (2014) reports EBV’s for the following fertility / calving traits: scrotal size, days to calving, 

gestation length and calving ease. Through Breedplan it is also possible to develop selection indexes for beef 

cattle. It is even possible to develop customized indexes for individual producers using herd-specific 

production information and marketing goals. The dilemma is that traits like gestation length and days to calving 

are not routinely recorded in South Africa. 

The Agricultural Research Council (ARC) has been estimating EBV’s for calving tempo, scrotal 

circumference, age at first calving and inter-calving period (“BLUP” Manual, 2012). In addition, a cow profit 

index was developed taking into account all traits contributing to the differences in profitability between cows. 

These traits are illustrated in Table 6.  

 

 

Table 6 Traits and their relative contribution to cow profit 

Trait Contribution* 

Birth direct ↓↓ 

Birth maternal ↓ 

Wean direct ↑↑ 

Wean maternal ↑↑ 

18 Month weight ↑ 

Mature weight ↓ 

Age at 1st calving ↓ 

Inter-calving period ↓↓↓ 
* The number of arrows indicates contribution, e. g. low, medium and high. The direction indicates the desired response, 

e.g. weaning weight must be increased (↑) and mature weight decreased (↓) 

 

 

Figure 1 illustrates the genetic trend for cow profit of a specific beef cattle breed in South Africa over a period 

of 20 years.  
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Figure 1 Genetic trend for cow profit of a beef breed in South Africa 

 

 

Another way to improve cow efficiency is through effective crossbreeding systems. The benefits of 

effective crossbreeding have been reported in a number of studies (Gregory et al., 1992; Williams et al., 2010). 

The effect on cow efficiency of an extensive crossbreeding experiment conducted at the Vaalharts Research 

Station in the Northern Cape will be briefly reported here. The crossbreeding program involved 29 calf and 9 

cow genotypes (Theunissen, 2011; Mokolobate, et al., 2015). These genotypes were formed by crossing 

Afrikaner (A) cows with Brahman (B), Charolais (C), Hereford (H) and Simmentaler (S) bulls and by back-

crossing the F1 cows to the sire line breeds.  

Cow efficiency was defined as reported earlier. Weaning Rate (WR) is summarized in Table 7 and 

defined as the number of calves weaned as a percentage of cows mated. Afrikaner F1 cows showed an 

increased WR of as high as 0.91 compared to the other genotypes.  

 

 

Table 7 Weaning rate of the cows from the 9 different genotypes 

Dam 

breed 

Sire Breed 

Afrikaner 

(A) 

Brahman 

(B) 

Charolais 

(C) 

Hereford 

(H) 

Simmentaler 

(S) 

A 0.77     

B 0.83 0.76    

C 0.91  0.74   

H 0.91   0.82  

S 0.85    0.83 

 

 

The estimated cow efficiency, as a percentage deviation from the Afrikaner genotype, for the different 

genotypes is summarized in Table 8. 

The improvement demonstrated in this study indicates that crossbreeding improves cow/calf efficiency 

when measured as energy requirements or input costs per kg of steer equivalent weight / LSU. Although the 

effect of heterosis on individual traits is relatively small, the cumulative effect on composite traits, such as 

weight of calf weaned per cow exposed are normally large (Gregory and Cundiff, 1980; Schoeman, 2010), 

which explains the superiority of KgC/LSU as a composite trait. 

Effective crossbreeding also makes use of breed complementarity. Complementarity refers to the 

advantage of a specific crossbred over that of other crossbreds, such as demonstrated by the HA cow. It is 



Applied Animal Husbandry & Rural Development 2016, Volume 9 18 
 

Citation of this paper: Appl. Anim. Husb. Rural Develop. 2016, vol 9, 11-20: www.sasas.co.za/aahrd/ 

caused by the way in which two or more traits combine or complement each other to express the net merit of 

the animal. Breed differences in direct and maternal effects can be used to complement each other if 

appropriate crosses are made (Schoeman, 2010). 

 

 

Table 8 The estimated cow efficiency for the different genotypes as percentage deviation from the Afrikaner 

genotype 

Dam 

breed 

  
Sire Breed 

 
 

Afrikaner 

(A) 

Brahman 

(B) 

Charolais 

(C) 

Hereford 

(H) 

Simmentaler 

(S) 

Average 

(%) 

A 
 

11.8% 15.5% 5.5% 13.6% 11.6% 

B  4.5% 
   

 

C 
  

-16.3% 
  

 

H 
   

8.2% 
 

 

S 
    

31.8%  

BA 1.8% 5.5% 20.9% 14.5% 20.9% 12.7% 

CA 19.1% 34.5% 30% 28.1% 32.7% 28.9% 

HA 28.1% 40.9% 45.5% 33.6% 46.4% 38.9% 

SA 16.4% 25.5% 30% 28.8% 20.9% 22.9% 

 

 

The results in Table 8 demonstrates the importance of improved reproductive performance and survival 

to improve cow efficiency and indicates that crossbreeding is a good method to improve it. From this study it 

is clear that cow efficiency can be increased by up to 46% without additional herd costs to the farmer through 

properly designed crossbreeding systems, thereby promoting climate smart beef production systems and 

reducing the carbon footprint of beef production. 

 

The way forward 
Cow efficiency 

Mokolobate (2015) has investigated the use of the trait kilogram calf weaned per LSU as trait of the dam 

to improve beef cow efficiency. This research recommended that possible selection criteria to increase the 

weaning weight of calves in relation to a cow LSU unit in extensive beef production systems should be 

investigated.  

The combination of calf weight as a trait of the dam and dam weight in a selection index might be a 

feasible option. Another alternative could be to use the relationship between weight of calf produced and the 

estimated feed inputs (by using LSU) required to sustain the cow and allowing her to provide for the calf. 

 

Fertility 

Reproductive rate and calf survival are important determinants of efficiency in beef production 

(Dickerson, 1970) and an increase reproductive rate must be a major breeding objective, in order to reduce 

breeding herd costs (2/3's of total cost of production) per animal marketed. At a minimum, improvements in 

reproductive traits can be four times more important than improvements in carcass traits in commercial beef 

production, yet in many countries, including South Africa through the Beef Genomics Project, more attention 

is being paid to growth and carcass traits than to fertility traits. 

It is important that early-in-life indicator traits and selection criteria / breeding objectives to improve 

fertility in beef cows are investigated. This may include, but is not limited to the following: 

i) Investigate the usefulness of scanning for ovarian activity in the early identification of cow fertility 

ii) Investigate the presence of “broken genes” and Y chromosome SNP’s in the genome of beef cows 

that can be linked to fertility 

iii) Investigate the use of other direct measures of fertility other than calving interval and days to calving 

(e. g. probability of producing an offspring from each breeding season and longevity) that could lead 

to more timely results in breeding programs. 
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Crossbreeding 

A new crossbreeding project with specialized sire lines on Landrace and tropical adapted beef cattle 

breeds is underway as a collaborative project between the ARC, Northern Cape Department of Agriculture, 

Rural Development and Land Reform and the University of the Free State. Currently the dam lines are the 

Afrikaner, Bonsmara and Nguni and the side lines are Afrikaner, Bonsmara, Nguni, Angus and Simmentaler. 

The F1 cows will also be evaluated as specialized dam lines. This study will supply baseline information that 

can be used to evaluate how effective the current crossbreeding systems in South Africa are and information 

on the possible advantages of structured crossbreeding.  
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