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ABSTRACT 

 In trial 1, 1,744 Commercial Dairy Heifers were evaluated to determine effects of 

growth on placing within Georgia Commercial Dairy Heifer Shows from 2007-2010.  

Mean average daily gain (ADG) for all heifers was determined to be 0.65 kg, below 

suggested ADG levels of 0.7 to 0.8 kg.  No strong correlation (r = -0.07; P = 0.0034) was 

observed between ADG and placing.  In the second trial, 238 heifers were evaluated for 

ADG, placing, weight, age, wither height, hip height, hip width, jaw width, and switch 

clearance.  Height at withers had a moderate relationship (r= 0.42; P < 0.0001) to placing.   

In trial 3 1,489 Holstein heifers (from 2007-2010) were evaluated and it was determined 

that 63.75% did not established recommendations for weight gain.  Performance and 

physical features associated with age indicates these commercial dairy heifers are under-

fed according to industry standards.  Economic implications may occur from this 

decreased performance.   
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CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 

A Review of the Dairy Replacement Heifer Life Cycle  

 The bovine, just as any other species, begins growth and development 

immediately after conception.  However, for the purpose of this review, the focus will 

begin with postnatal growth of dairy heifers.  Many dairy industry leaders would argue 

that the greatest need in the dairy industry is to search for information about the neonate 

and replacement heifer (Heinrichs et al., 1994).  After a gestation of approximately 280 

days, the dam gives birth to her offspring.  For the female offspring, it is expected that 

this newborn will grow and be developed adequately (equal to or greater than 575 kg) to 

give birth to its own progeny at 24 mo and produce adequate quantities of milk (Gardner 

et al., 1988, Heinrichs, 1993, Heinrichs and Swartz, 1991, Lin et al., 1988, Place et al., 

1998).  Depending on culling rate, the dairy heifers eventually replace cows from the 

milking herd, thus they are usually referred to as a dairy replacement heifers.     

After birth, the dairy replacement heifer is fed colostrums within the first 24 hr of 

its life.  On second day, the producer provides milk or milk replacer, water, and a calf-

starter grain mix until weaning.  During the nursery period calves are fed either a single 

source or a combination of whole milk, discarded, and/or milk replacer.  Discarded milk 

is either colostrum-like milk from fresh cows or milk from cows being treated with 

antibiotics for mastitis that is diverted from flowing into the bulk-tank and collected in 

the milking parlor.  The time of weaning usually occurs 4 to 8 wk of age, pending 



2 

 

predetermined goals including: dry feed consumption, age, BW, dry feed consumption, 

and health.  Heifers are then placed in transition pens with other female calves of similar 

age and weight and fed primarily a calf-starter grain mix until the rumen becomes fully 

functional at 6 mo of age (Tyler and Ensminger, 2006).  Although the rumen is 

anatomically functional at 8 wks, it requires more time for the rumen to develop and be 

able to effectively degrade fiber.  As the rumen develops, dairy heifers gradually have 

their diets shift from primarily a concentrate diet to a forage-based one  (Zanton and 

Heinrichs, 2007). Shifting to a forage ration results in delayed, but economical growth.  

With this shift, there is a common practice to feed lower-quality forages, resulting in 

decreased nutrient digestibility compared to primarily concentrate diets (Moody et al., 

2007).  Furthermore, as this diet is changed, the digestibility of nutrients within the 

forage based diet can vary more due to quality and amount of forage fed.  If feeding a 

diet of low quality forage and minimal concentrate, it is likely that this can reduce 

optimum growth in the dairy heifer.  Consequently, the onset of puberty and age of first 

parturition can be delayed (Pecsok et al., 1992, Zanton and Heinrichs, 2005).  

The first most critical landmark for developing dairy replacements is the onset of 

puberty.  Different theories have been suggested as to when this onset usually occurs.  

Tyler and Ensminger (2006) suggest that puberty occurs when the heifer reaches 

approximately 35% of mature body weight (BW).  Others argue that heifers begin to 

cycle when they reach 43% of mature BW (Coffey et al., 2006, Van Amburgh, 1993), or 

at an average BW of 250 to 280 kg for large dairy breeds and between 9 to 11 mo of age 

(Sejrsen and Purup, 1997).  Therefore, if an average Holstein calf weighs 41 kg at birth 

(Tyler and Ensminger, 2006), it must have an ADG of 0.77 kg to reach 250 kg at 9 mo of 
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age.  As onset of puberty is related to growth rate, body size, and age, it is well 

recognized that diet and rate of growth has a direct effect on when dairy heifers becomes 

functional reproductively (Heinrichs, 1993).  It is well recognized that heifers that states 

that heifers that grow faster will reach puberty at an earlier age and can enter the milking 

herd sooner (Hill et al., 2008).  Most often the goal is set to have a dairy heifer calve at 

22 to 24 mo of age, and bred at 13 to 15 mo of age at 60% of their mature body size 

(Tyler and Ensminger, 2006).  Heifers are generally bred once they reach the 

management guidelines of the particular farm in which they are housed.  Generally dairy 

replacement heifer producers observe or measure heights, weights, and/or ages of the 

heifers and take into account one or more of these parameters before attempting to breed 

heifers for the first time.   After conception, producers should strive to have their heifers 

grow at the rate of 0.7 to 0.8 kg until parturition. 

Growth Measurements and Optimal Growth Patterns 

 As previously mentioned, BW is the primary measurement for growth in the dairy 

heifer.  However, evaluating dairy heifer growth solely on this measurement can be 

misleading, because BW alone does not describe the type of growth; whether it is due to 

desirable/skeletal growth or to undesirable fat deposition (Bagg et al., 1985).  There are 

several measurements that can be taken, along with BW, to evaluate growth in dairy 

heifers  and to provide a more complete measure of a dairy heifer’s overall size 

(Heinrichs and Hargrove, 1991).  These include: wither height, body length, hip height, 

hip width, heart girth, and pelvic area (Hoffman, 1997).  Because BW can be affected by 

body condition and/or pregnancy, the skeletal measurements mentioned above may 

represent the correct size of the dairy heifer (Hoffman, 1997).   Furthermore, it can be 
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argued that wither height and hip width are more accurate in determining skeletal growth 

as they are not influenced by body condition (Heinrichs et al., 1992, Wickersham and 

Schultz, 1963).  The use of skeletal measurements, as previously mentioned, along with 

BW should be used as criterion for assessing the most correct safe calving level in 

heifers, instead of BW only (Wickersham and Schultz, 1963).    

Although BW is the most common measurement taken on dairy farms, it is 

interesting to point out that many BW on dairy farms are an estimate based on a heart 

girth measurement rather than actually weighing the animal.  This is due to the fact that 

most dairy farms across the U. S. do not have a scale (Hoffman, 1997).  After regression 

equations were established, heart girth exhibited the highest correlation to BW (Heinrichs 

et al., 1992).  However, all of the body measurements exhibited an R
2
 value greater than 

0.9 (Heinrichs et al., 1992).  Because of this relationship, wither height in Holstein 

replacement heifers can be accurately predicted from BW, using the BW to wither height 

ratios (Heinrichs et al., 1992, Hoffman, 1997).  Currently, body size measurements are 

only taken as means to determine how efficiently the heifer is growing.  However, there 

is belief that an estimation of replacement heifer body size from composition selection 

traits could benefit dairy producers, provided the selection for these traits would help to 

further the efficiency and productivity of replacement heifer growth, and future milk 

yield (Hoffman, 1997).  Genetic selection for milk yield could hypothetically result in 

replacement heifers with a certain body composition as determined by their frame, 

weight, and age (Hoffman and Funk, 1992).    

Over the past century, producers and scientists alike have desired to determine the 

optimum growth pattern and body size in dairy heifers.  Growth can be defined as 
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maturation of the reproductive system, as well as an increase in body size and BW 

(Heinrichs and Hargrove, 1987).  For one to define optimum growth rates in replacement 

heifers, three considerations must be answered: the optimum age at first calving 

(Swanson, 1967), the optimum size at first calving, and the genetic variance associated 

with body size (Hoffman, undated).  It is necessary to point out that some researchers 

indicate that optimum body size is misnamed, but assimilation of replacement heifer 

growth criteria is periodically needed so commercial dairy producers have a reference to 

evaluate replacement heifer management (Hoffman, 1997).   

Growth can be affected by many factors including genetics, nutrition, and 

management (Heinrichs and Hargrove, 1987).  Furthermore, there are substantial additive 

genetic differences between different sire groups within a dairy breed for size and growth 

rate of replacement heifers (Lee, 1997, Lee et al., 1988).  According to Lee (1997), 

genetics determines the potential for an embryo to grow into a highly profitable mature 

bovine.  Animals that have a higher capacity for genetic growth may be able to have high 

ADG due to greater skeletal growth without negative effects due to fattening (Bagg et al., 

1985).   

Genetic differences for milk yield potential also exist within different cattle 

populations, causing the optimal ADG rates to vary as much as 100 g/day (Sejrsen et al., 

2000).  Heifer growth rates are highly influenced with the implementation of a genetic 

selection program on a farm (Hoffman and Funk, 1992).  Hoffman and Funk (1992) agree 

with Lee (1997), that a producer must determine a heifer’s genetic potential and feed the 

heifer to reach her maximum frame size and BW plus some adipose tissue deposition for 

energy reserves needed during negative energy balance during the first lactation. 
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Diet and rate of growth, is mainly affected by diet and has a direct effect on age at 

first calving and productivity per day of herd life (Heinrichs, 1993).  The main growth 

objective for heifers on most dairy farms today should be for their heifers to maintain 

desirable growth rates so that age at calving stays relatively constant around 24 mo 

(Heinrichs and Hargrove, 1987).  The optimal growth pattern for dairy heifers has been 

defined by Swanson (1967)  as the regimen that will develop her full lactation potential at 

the desired age with minimal expense (Heinrichs and Hargrove, 1994).  Proper growth 

patterns for dairy replacement heifers, under ideal conditions, can be found in Table 1 

(Hoffman, undated).  Further, Swanson (1967) suggested that from an economic as well 

as a productive consideration, the optimal growth rate for dairy heifers can be obtained 

by moderate consumption level of good quality feed.   

Bagg (1985) reported that when evaluating heifer growth, one should see 

moderate weight gains and skeletal growth occurring without excessive body condition.  

Proper growth rates must be achieved for the heifer to reach optimal body frame-size 

before first parturition (Heinrichs, 1993).  Once the optimal or desired growth rates have 

been determined for one’s dairy heifers, a dairy heifer grower should strive to maintain 

the protein guidelines for quantity and quality from the NRC, corresponding to the 

desired rate of rate growth, because any alteration may have an effect on growth 

parameters in dairy heifers (Hoffman and Funk, 1992).   At a proper growth rate, milk 

production is maximized and the threat of dystocia is minimized (Heinrichs, 1993, 

Hoffman, 1997, Hoffman and Funk, 1992).  To minimize dystocia, heifers must meet the 

adequate weight and frame size guidelines throughout the heifers’ life.  Of course, this is 

directly dependent on nutrition and management as well as the breed of the heifer(s) (Erb 
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et al., 1985, Hoffman and Funk, 1992, Lee, 1997, Meijering, 1983, Thompson et al., 

1983).  

  To evaluate heifer growth, a starting point must be established.  This is generally 

at birth of the dairy replacement heifer.  From birth until weaning, known as the pre-

weaning period, there is potential to increase body growth rates through increased energy 

and protein, resulting in younger ages at puberty and first calving (Brown et al., 2005b).     

Most dairy producers do not weigh their calves at birth. Based on research data, Tyler 

and Ensiminger (2006) have established birth weight averages for the Ayrshire, Brown 

Swiss, Guernsey, Holstein, and Jersey breeds which can be used to compare growth rates 

of replacement heifers.  These birth weights are 34.02, 43.50, 29.96, 41.28, 24.49; for the 

Ayrshire, Brown Swiss, Guernsey, Holstein, and Jersey, respectively (Tyler and 

Ensiminger, 2006). 

Growth in Pre-weaned Dairy Replacement Heifer 

Adequate nutrition and environmental conditions are vital for optimum growth.  

After birth, the replacement heifer can be housed in many different ways including: 

individual pen, group pen, or with its dam.  All of these can and do have an effect on 

growth in the heifer calf during this pre-weaning period.  From the studies of Place et al. 

(1998), group housing or allowing the calf stay with the dam was determined to 

negatively affect ADG in the calf.  Therefore, the most desirable form of calf housing to 

achieve higher ADG is individual calf pens, where the calf is removed from the dam and 

raised separately (Place et al., 1998).  Another environmental factor in growth of the pre-

weaned heifer is the season of birth.  It was determined that for heifers 90d of age or less, 

heart girth was the largest in heifers born in the summer or early fall (Place et al., 1998).   
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        From a growth standpoint, approximately 50% of a calf’s wither height increase 

occurs in the first 6 mo of life (Kertz et al., 1998).  The other 50% is split between two 

age groups, 7 to 12 mo and 12 to 24 mo (Kertz et al., 1998).  This means that if a calf is 

weaned at around 8 wk, approximately 17% of wither growth in a heifer occurs during 

the pre-weaning period alone.  Furthermore, Holtz et al. (1961) evaluated the four 6 mo 

aging intervals from birth to 24 months and found that ADG in the 0 to 6 mo interval was 

greatest and most critically related to fat corrected milk yield, proving the necessity of 

proper nutrition for the very young dairy replacement calf. 

   Nutrition for the pre-weaned calf can originate from various sources; the most common 

source is milk replacer.  As a matter of convention, producers have fed approximately 

0.227 kg of powder, mixed with 2 quarts warm water, twice daily, believing that this 

quantity would provide for proper growth and prevent scours or other illnesses.  

However, there is a clear opportunity to improve calf growth and energy retention by 

feeding more nutrient dense milk replacer at a rate higher than 0.454 kg per day (Bartlett 

et al., 2006, Blome et al., 2003, Hill et al., 2008).  In a recent study with pre-weaned 

calves, Brown et al. (2005b) observed greater wither height (P < 0.01) and BW gain when 

calves were fed a milk replacer diet of 30% CP, 15.9% Fat.  However Hill et al. (2008) 

determined that this increased growth performance of pre-weaned calves was more 

related to protein feeding as only increasing fat content of milk replacer did not improve 

growth.  When comparing all of the diets used in this study, Hill et al (2008) reported that 

heifers fed the control diet (20 % CP, 21 % fat; fed at 441g/d) had the smallest BW, 

wither height, body length, hip height, and hip width when compared to the three 

experiment diets (28% CP, 20% fat; fed at 951 g/d, 27% CP, 28% fat; fed at 951 g/d and 
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1,431 g/d). Furthermore,  gain to feed ratios were lower (0.36 vs. 0.44; P < 0.05) in the 

heifers fed the control milk replacer compared with the average of those fed the higher 

CP milk replacers (Hill et al., 2008).  Intuitively, one would think feeding more to a calf 

would cause her to grow at a higher rate, and the data from Hill et al. (2008) solidifies the 

idea that producers should feed their heifers more than just the average 3.78 L of milk 

replacer split into two daily feedings.  Other parameters that have been positively 

associated with growth were sex of calf, breed, and parity of dam (Place et al., 1998).   

Growth in Post-weaned Dairy Replacement Heifer 

 At weaning, the diet for the dairy replacement heifer changes from a milk or milk 

replacer based to a calf starter concentrate-grain based, and eventually progressing further 

gradually change to a forage-based diet, as the rumen becomes functional.  Providing 

high quality forage will encourage proper voluntary consumption levels, thus allowing 

for proper growth rates in dairy replacement heifers.   Several studies are present in the 

literature that evaluates heifer growth post weaning.  First, it is to be noted that the NRC 

(2001) recommends large breed dairy replacement heifers to have a 0.7 to 0.8 kg ADG 

from 10 to 67 wk of age (Kertz et al., 1987).  The NRC (2001) reports that dairy heifers 

weighing 136 kg, with desired ADG levels of 0.77- 0.81 kg, should be fed 17% (of DM) 

crude protein (Hoffman, undated).    However, Kertz et al. (1987) suggested that 

replacement heifers from 3 to 6 mo of age may gain up to 1 kg/day without excess 

deposition of fat.  This requires a minimum of 17% CP (% DM basis), and 10 to 12 % 

more energy than the NRC (2001) recommendations for 0.8 kg/day gain (Kertz et al., 

1987).  The key component in reaching and maintain desirable growth within dairy 

replacement heifers is protein.  Several studies in the literature, demonstrate that 
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increased protein levels in the diet will result in improved feed efficiency (Brown et al., 

2005b, Gabler and Heinrichs, 2003b, Lammers and Heinrichs, 2000).  Bagg et al. (1985), 

fed different protein levels (80, 100, and 120%) as a percentage of NRC requirements to 

heifers from approximately 6 to 10 mo of age.  Results of this study indicate that 

increasing dietary content resulted in greater BW and ADG (879, 938, 1038 g/d; for 80, 

100, 120 % CP; respectively), but no differences were observed in wither height, thus 

BW growth resulted from an increase in body condition (Bagg et al., 1985).   

 Equally important, others have discovered that increasing CP, while keeping 

metabolizable energy (ME) constant,  results in increased wither and hip height (Gabler 

and Heinrichs, 2003a, Lammers and Heinrichs, 2000).  Producers striving for accelerated 

growth rates in his dairy replacement heifers, increase the ratio of protein to energy in the 

ration in order to meet increased protein intake requirements (NRC, 2001; Lammers and 

Heinrichs, 2000).  Increases in feed efficiency and structural growth was reported after 

Gabler and Heinrichs (2003b) studied the effects of increasing the level of CP (12.0, 15.2, 

17.4, and 19.7%), all while keeping the ME constant (2.6 M cal/ kg of DM) (Gabler and 

Heinrichs, 2003a).  Lammers and Heinrichs (2000) agree with Gabler and Heinrichs 

(2003a and 2003b) that increased ratios of CP: ME results in better feed efficiency, and 

goes a step further by proving that increased ratios of CP: ME can improve ADG by 

9.5% compared to lower ratios of CP: ME.  In this study of dairy replacement heifer 

growth from 28 to 48 wk, it was also determined that the rate of structural growth was 3.5 

to 8.5% faster than ADG thus proving that increased CP:ME enhances lean-tissue growth 

(Lammers and Heinrichs, 2000).       
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Dairy Replacement Heifer Growth: Consequences of Excess Growth 

 In general, dairy producers strive to be effective and efficient by maximizing dry 

matter intake and milk production in dairy cows and maximizing growth of dairy heifers.  

However it is important to realize that in heifer growth and development, excessive 

growth may be detrimental in the productivity of a dairy heifer.   

 As discussed earlier, the dairy heifer from birth increases in both size and weight 

while developing into a mature cow.  A vast majority of development in the dairy heifer 

hinges on attaining puberty within each heifer, especially in regards to reproduction and 

mammary development.  This section will focus on the pre-pubertal through the post-

pubertal time periods of a dairy replacement heifer’s life.   

The pre-pubertal phase is a very critical time in the dairy calf’s life.  During this 

time, the mammary system is growing allometrically (Sinha and Tucker, 1969).  The 

allometric phase can be initiated at 2 to 3 mo, 150 to 180d prior to the female exhibiting 

her first estrus (Sinha and Tucker, 1969).  According to the studies of Heinrichs (1993), 

Sejrsen et al (1982), and Waldo (1989), the most critical period of mammary gland 

growth is likely to be 3 to 9 mo of age, prior to puberty.     

The NRC (2001) recommends that ADG for 10 to 67 wk old dairy heifers be 0.7 

to 0.8 kg/d (Kertz et al., 1987).  Although it is the desire of the dairy producer to 

maximize growth and efficiency, the dairy calf must be fed in a restricted manner to 

result in adequate ADG so that mammary gland development occurs uninterrupted and 

subsequent milk production is unaffected (Sejrsen et al., 2000).  Mammary gland 

development can be inhibited due to fat deposition in the glands as a result of overfeeding 

heifers (Brown et al., 2005a, Sejrsen and Purup, 1997).  The magnitude of this 
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irreversible mammary gland suppression can be altered due to the different possible diets. 

According to Capuco et al. (1995), the reduced mammary DNA is greater when heifers 

are fed a corn-based diet compared to a higher protein diet, such as alfalfa.  Therefore, 

the type of diet and protein level can be modified to maximize efficiency of growth and 

mammary duct development (Sejrsen and Purup, 1997).   

In a study by Sejrsen et al (1982), 12 Holstein-Friesian pre-pubertal heifers were 

fed a 60:40 forage to concentrate ratio either ad libitum or restricted.    Heifers fed the ad 

libitum ration had 23% and 32% less mammary secretory tissue weights and DNA 

content, respectively (Hoffman and Funk, 1992, Sejrsen et al., 1982).  It is suggested that 

impairment of the mammary system due to feeding excessive energy is due to altered 

secretion of hormones, including growth hormone (GH), that regulate mammary 

development (Sejrsen et al., 1983).  Furthermore, Sejrsen et al (1983), states that this 

alteration can be prevented by dietary or pharmacological manipulation of endogenous 

GH or supplying exogenous GH.  Another possibility to minimize the modification of 

secreted hormones into the mammary system is to feed Melengesterol Acetate
®
 (MGA) 

(Pritchard et al., 1954, Sejrsen et al., 1982).  Pritchard et al., (1954) reported that feeding 

MGA from 2.5 mo til breeding (120 cm wither height) aided in increased mammary 

DNA and RNA by 60% (P < 0.01).  Furthermore, MGA is an inexpensive, efficient 

additive that can easily be added to rations of larger-scaled production systems. 

Although excess growth and body condition within the dairy replacement heifer 

can occur, there are potential ways that accelerated growth can be attained without 

detrimentally affecting the mammary system.  Hoffman and Funk (1992) report that 

Smith et al. (1986), found no differences in secretory tissue development in heifers 
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gaining either 725 or 950 g/d when the heifers weighed between 175 to 325 kg.  Heifers 

that have a managed growth rate during critical points of mammary development and 

gestation accumulate fewer lipids, resulting in an enhanced lactation compared to their 

over-conditioned counterparts (Choi et al., 1997, Coffey et al., 2006).  Dairy producers 

can maximize lifetime profitability of heifers by decreasing the age of onset of puberty 

and first calving, by providing a diet that insures proper protein intake, but does not cause 

excess fattening (Brown et al., 2005b).  Some researchers report that increased protein 

levels in pre-pubertal rations might be needed for optimum development of the mammary 

system (Lammers and Heinrichs, 2000, VandeHaar, 1997).    Taking this a step further, in 

a study performed by Radcliff et al. (1997), mammary secretory tissue growth was 

unaffected in pre-pubertal heifers fed a CP to ME ratio of 71:1 g/Mcal and gaining 

1200g/d (Lammers and Heinrichs, 2000).   

Other researchers argue that ADG can be increased to .9 kg or 1kg without excess 

condition occurring for animals that may have higher growth capacity (Bagg et al., 1985, 

Kertz et al., 1987).  According to Heinrichs et al (1992) and Sejrsen et al (1982), larger 

ADG can occur as long as the corresponding skeletal growth occurs too.  Zanton and 

Heinrichs (2007) reported there is a need for more research to be done in this area to 

determine a strategy to accelerate lean growth of dairy heifers without subsequently 

reducing lactogenesis of the mature cow. 

 After the onset of puberty occurs, ADG in post-pubertal dairy replacement heifers 

becomes less important due to the fact that studies have shown that increased ADG, at 

this time period, does not affect mammary development (Sejrsen et al., 1982), and 

subsequent milk production in the cow (Grummer et al., 1995, Hoffman et al., 1996, 
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Zanton and Heinrichs, 2007).  As a result, there are few studies on post pubertal heifer 

growth and its effects, whether negative or positive, on milk production (Bagg et al., 

1985, Kertz et al., 1987).   

Economics and Dairy Replacement Heifers 

 Dairy heifers are grown with the primary intention of being placed into a milking 

herd upon parturition.  Currently, many dairymen across the U.S. raise their own heifers 

as replacements into the milking herd.  Almost two decades ago, a survey reported that 

contract heifer growers were utilized by a very small percentage (1.6%) of dairy 

operations, despite the possible economic benefits predicted (Heinrichs et al., 1994, 

Willet, 1990).  However, as dairy operations continue to grow in herd size, there is an 

increasing number of producers that are having their heifers raised by a custom heifer 

grower (Wolf, 2003).  The dairy producer can sell his heifer(s) to a dairy replacement 

grower and buy them back; however, most dairymen choose to retain ownership of their 

heifers and contract someone to raise the heifers until they return to the dairy farm.  The 

rate of payment for this service is usually by day on the heifer grower’s farm and/or by 

other methods including weight gain (Wolf, 2003).    

Raising dairy heifer replacements, surprisingly, accounts for a substantial part of 

the economics on the dairy farm.  Of total farm expenses, raising dairy heifers to prepare 

them to enter the milking herd represents 15-20% of all the farm’s expenses (Brown et 

al., 2005b, Heinrichs, 1993, Place et al., 1998).  Furthermore, approximately 40 to 70% 

of the cost of raising dairy replacement heifers comes from feed costs (Buch et al., 1955, 

Stelwagen and Grieve, 1990).       
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 The economics of heifer raising and marketing dairy replacement heifers has 

undergone a substantial amount of change in recent years.  The wide-spread 

implementation of female sexed semen in dairy heifers is an example of a management 

tool that is changing economics.  Due to their increased fertility over cows, dairy heifers 

are ideal and more likely to be inseminated with female sexed semen. Breeding heifers 

with sexed semen provides obvious economic advantage for dairy producers.  These 

include an increase supply of heifers available for purchase and allowing for greater 

growth from within the herd (De Vries et al., 2008, Weigel, 2004).  By having an 

increased supply of heifers, dairy producers have a greater opportunity to cull poor 

growing heifers, thereby avoiding future losses as poor performing milk cows (De Vries 

et al., 2008).  Furthermore, as the replacement heifer supply meets and exceeds the 

demand of dairymen, the purchase price for dairy heifers will decrease (De Vries et al., 

2008).  It is expected that as female sexed semen becomes increasing popular to 

dairymen, they will in turn seek the labor of a custom heifer grower, eliminating the 

purchase price aspect, and focus will shift primarily to the rearing of the heifer (De Vries 

et al., 2008).       

The optimum growth pattern for dairy heifers is one that allows a heifer to 

develop to full lactation potential at a desired age all while minimizing the cost to the 

farm (Place et al., 1998).  In difficult times in the dairy industry, it may be challenging to 

pay these expenses, due to the fact that these animals are not generating any income 

unless they are either sold or enter the milking herd.  The return for investing in proper 

feeding and management of dairy replacement heifers is delayed for years.  Zanton and 

Heinrichs (2005) stated that raising dairy heifers is a very important aspect of whole farm 
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management that can be characterized as a long-duration, high-cost period that creates a 

lag in capturing a return on investment.  Looking at the overall economics and the 

producing ability of the dairy heifer, the rate of growth from birth to the first parturition 

is of most importance (Heinrichs, 1993, Heinrichs and Hargrove, 1987).  Thus, if the 

growing period could meet the recommendations of 22 to 24 mo of age at first 

parturition, the time between expenditure and revenue generation could decrease, and the 

costs associated with the non-productive period could be reduced (Ettema and Santos, 

2004, Zanton and Heinrichs, 2007).   

In the 1990s data from three studies:  Greaser (1992), Heinrichs (1993), and 

Willet et al. (1992); suggests that the actual cost of raising dairy replacement heifers from 

birth to parturition at 24 mo to be $1150 to $1250 per heifer; with each additional month 

after 24 mo costing the producer $55 to $65 per heifer.  It is to be noted that since the 

1990s, feed cost have rose appreciably (~ 50 to 100 %).  Hill (2008) and Tozer and 

Heinrichs (2001) state that by reducing the age at calving by 1 mo can decrease the cost 

of heifer rearing by 4.3%.  These calculations and estimates were reported well before the 

energy and feed costs increased over the last decade, thus the cost of raising dairy 

replacement heifers has increased since these studies of estimated costs in raising heifers 

were published.  Furthermore, the most effective methodology for reducing rearing cost 

is to significantly reduce the rearing time to first calving (Hoffman and Funk, 1992, 

Sejrsen and Purup, 1997).  Moderately sized commercial heifer producers can save 

thousands of dollars by decreasing rearing time in their dairy replacement heifers.   

 Throughout the literature there are several reports that make different 

recommendations regarding the most desirable age at calving to maximize production 



17 

 

and profit.  Some researchers assert that by reducing the age at first calving the producer 

is likely to lose milk yield for heifers that calve less than 22 mo of age (Gardner et al., 

1977, Hoffman et al., 1996, Little and Kay, 1979, Peri et al., 1993).  Comparison of 

production records of first calf heifers that were fed to attain two different ages at calving 

revels that accelerated programs may be better than less accelerated programs.  Of the 

two ages, 23 mo and 26 mo, the cows calving at 23 mo produced 1,475 kg more milk and 

had 107 d more of productive life (Clapp, 1979, Hoffman and Funk, 1992).  Furthermore, 

Gill and Allaire (1976) evaluated 933 cows and determined that maximum performance 

occurred when heifers were grown to calve at 23 mo, but optimum profit occurred in 

females that calved two months later because these heifers had more days of heard life 

than those heifers that calved at 25 mo (Hoffman and Funk, 1992).   Although the data is 

readily available for producers to see the benefits of calving at or near 24 mo of age, the 

implementation of accelerating heifer growth programs to decreased calving age on herds 

in the U. S. has been relatively slow (Hoffman and Funk, 1992, Nieuwhof et al., 1989, 

Powell, 1985).  This may be due to one or two reasons: the inability of the replacement 

heifer to partition nutrients correctly when rearing rates are accelerated or some 

producers feel larger cows produce more milk, thus striving to produce a older, larger 

heifer at calving (Hoffman and Funk, 1992).  However, a dairy producer will more likely 

to observe the maintenance cost for the older heifers as exceeding the value of the added 

production of the heifer by delaying her age at first calving (Miller and Mcgilliard, 1959).     

 There are many opportunities for producers to become more efficient in their 

heifer rearing strategy, resulting in more profitability.  One way is to decrease costs in the 

early stages of the heifer’s life.  It was observed that the cost per kg of BW gain and 
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wither height gain was least and most efficient in the heifer’s first 6 mo of life (Brown et 

al., 2005b, Kertz et al., 1998).  It may be difficult for a producer to realize this early 

period of development as an opportunity to reduce costs because a vast majority of heifer 

growers think in terms of dollars per ton of feed and not cost per rate of gain (Kertz et al., 

1998).  Because of this mindset, producers believe that younger calves cost more to raise 

per unit gain than their older herd mates due to the fact that calf feeds usually cost more 

per unit weight because of their increased nutrient density and palatability (Kertz et al., 

1998).  Thus, it is vital for a dairymen or custom heifer grower to provide adequate 

nutrients to ensure proper growth in the early phase of the calf’s life that will in turn 

make her more productive and profitable as a cow. 

Digestibility and utilization of nutrients also plays a crucial role in the 

profitability of a dairy replacement heifer production system.  If the diet is less than 

optimum in nutrient digestibility of nutrients occurring, the cow is expelling nutrients that 

should have been digested and retained; therefore, the heifer is not reaching her full 

growth potential.  Digestibility is a major dietary constraint that can limit performance 

and growth rate of dairy replacement heifers.  As a result, the producer must desired 

quantity and quality feedstuffs so that the heifer  will reach her desired weight at 

parturition (Gabler and Heinrichs, 2003b).  Thus, efficient utilization of dietary CP and 

energy yielding nutrients by pre-pubertal Holstein heifers can minimize rearing costs and 

maximize the productivity of the heifer (Gabler and Heinrichs, 2003a).  Also, it is 

possible to decrease the cost of heifer rearing operations by weaning calves earlier, as this 

is one of the many factors that affect the overall cost of raising heifers (Heinrichs, 1993).  

However, to accomplish this effectively, the producer must make sure that the heifers are 
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receiving adequate nutrition from dry feed, so that growth is not stunned and/or the calf is 

more susceptible to illness.  Another possibility of reducing cost in the heifer rearing 

system is the implementation of restricted feeding of more highly digestible feeds.  

Restricting intakes of more digestible combinations of forages and concentrates may be 

beneficial by reducing total output of feces, which would likely reduce costs associated 

with manure removal and bedding (Moody et al., 2007).  Overall, if the optimum growth 

pattern for dairy heifers is implemented as defined by Swanson (1967), this regimen will 

help develop a heifer’s full lactation potential at the desired age with minimal expense to 

the producer (Heinrichs and Hargrove, 1994).   

 

The Effects of Heifer Growth on Milk Production and Efficiency 

It is understood that for a cow to be profitable, she must grow as a heifer.  This 

brings one to ask the age old question: is heifer growth (ADG and/or weight at calving) 

related to milk production?  If there is a relationship, how strong is the correlation?  This 

section will examine this relationship to determine whether larger cows always produce 

more milk and stay in the herd longer.  Over the past seventy five years, several studies 

have been conducted to determine whether or not older and larger heifers produce more 

milk when compared to their younger and smaller herd mates.   

Early studies, such as Davis and Willet (1938) observed records from 76 Holstein 

heifers and found that there was no relationship between production and percentage 

increase in weight, wither height, and chest girth from birth to 2 yr (Holtz et al., 1961).  

According to a study performed by Lee (1997) reported low correlations (r < 0.2) 

between weight, gain, and feed intake to subsequent milk production.  This led Lee 
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(1997) to suggest that there are no strong associations between heifer rearing traits and 

first lactation yield traits.  This finding is supported by research from Sejrsen et al. 

(2000).   

 Many articles use weight at calving as the heifer growth evaluation parameter 

when comparing growth to production.  Most published reports indicate that heifer 

growth does indeed play a role in milk production.  In an evaluation of 305,000 

production records by Keown and Everett (1986), the optimum weight at first calving 

was determined to be 590-635 kg (Hoffman, 1997, Hoffman and Funk, 1992).  Other 

studies show that increasing calving weight has a positive effect on first lactation milk 

yield (Clark and Touchberry, 1962, Fisher et al., 1983, Harville and Henderson, 1966, 

Heinrichs and Hargrove, 1987, Hoffman and Funk, 1992, Keown and Everett, 1986, Lin 

et al., 1985, Miller and Mcgilliard, 1959).  This positive relationship between BW at 

calving and milk yield is mainly due to a positive relationship between growth rate 

capacity and milk yield (Sejrsen et al., 2000).  Also, it is noted that most dairy operations 

with higher production levels demonstrated greater growth in their dairy calves 

(Heinrichs and Losinger, 1998) helping to maintain the production cycle.  Positive 

correlations were also reported between the implementation of coccidiostats and 

ionophores in feeding heifers and lactating cows (Heinrichs and Losinger, 1998).   

In summary, larger cows produce more milk and the most profitable cows are those 

that calve around 2 yr of age.  Now the question arises as to what benchmarks do heifers 

need to meet as they are growing to produce optimum lactation.  This is provided in 

Swanson (1967): 
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a) A moderately growth rate of heifer calves resulting in just enough body size and 

development to allow breeding at 14 mo. 

b) Continue the moderate growth rate, possibly on roughage feed only, until 9 to 12 

wk prepartum. 

c) Gradually increase the level of feeding by adding concentrate, so that the heifer is 

gaining weight rapidly before calving. 

d) Continue feeding the heifer liberally through the 1
st
 lactation, to allow for growth 

as well as lactation. 

This is a start in devising a plan to raise dairy replacement heifers; however, more 

recent research has determined that more specific parameters for growing dairy 

replacement heifers should be targeted to maximize lactation production.  First, ADG for 

dairy heifers weighing 150 to 320 kg, should be 0.8 kg/day, to maximize milk production 

in the first lactation (Zanton and Heinrichs, 2005).  On the contrary, Zanton and 

Heinrichs (2005), also point out that other researchers believe that pre-pubertal gains 

should be less than 0.8 kg, around 0.6 to 0.7 kg/d to maximize milk production for larger 

breeds of dairy cattle (Foldager and Sejrsen, 1987, Sejrsen et al., 2000). However, Holtz 

et al., (1961) suggested that heifer ADG has no significant effect on milk production in 

the second and subsequent lactations.  

Crossbreeding and its Effects 

 Over the last few years, dairy producers have become more interested in 

crossbreeding and the benefits that could be reaped through this approach.  It is surprising 

that increased cross-breeding is being adopted by dairy producers due to the fact of the 

dominance of the Holstein breed in America and her superiority in fluid milk production 
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(Heins et al., 2008).  Dairy crossbreeding is a topic of interest because of producers’ 

concerns over fertility, cow health, and calf survival (Funk, 2006, Heins et al., 2008).  For 

farmers that have implemented crossbreeding on their dairy farm, they have likely 

crossed their Holstein cows to Jersey, Swedish Red, or other smaller breeds.  The most 

common crossbred is the Jersey X Holstein (JH).   

When compared to purebred Holsteins, Heins et al. (2008), found JH females to 

be smaller in stature (133.6 vs. 142.5 cm), decreased with between thurls (46.6 vs. 50.5 

cm), and narrower between pins (11.2 vs. 12.4 cm).  There was a decrease in heart girth 

(178.0 vs. 189.8 cm) in the JH females; furthermore the JH and other crossbred dairy 

females present a concern to their owners in their increased variation in body size (Heins 

et al., 2008, Weigel and Barlass, 2003).   

Other literature agrees with this decrease in stature and states that there are 

substantial additive genetic differences between dairy breeds and sire groups within a 

breed for size and growth rate of replacement heifers (Lee, 1997, Lee et al., 1988).  

However, rump angle did not change between JH and pure Holsteins (6.0 vs. 5.7 cm) 

(Heins et al., 2008), and is consistent with previous work (Mcdowell and Mcdaniel, 

1968).   In general, cross breeding will decrease the weight, height, and gain of heifers.  

By having a smaller female milking such as the JH, a dairy producer is able to lower his 

or her maintenance costs (Heins et al., 2008). 

 

Dairy Youth Related Activities 

 Today’s youth have many opportunities to become involved with several 

activities related to the dairy industry.  These activities include The National 4-H Dairy 
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Conference, Dairy Cattle Judging Contests, Dairy Quiz Bowls, and Dairy Cattle Shows.  

It is to be noted that except for the National 4-H Dairy Conference, these activities all 

begin at the county level and progress through the district, state and national levels.  For 

youth involved in any of these events, at any level of participation, it is an opportunity for 

them to be exposed to the dairy industry and observe its contribution to society.  This 

will, in turn, provide America with the next generation of dairy related professionals.  

These activities will now be discussed in detail.    

 The National 4-H Dairy Conference is held annually in conjunction with the 

World Dairy Exposition.  This well-attended event was established in 1954, and has been 

held in Madison, Wisconsin since 1970 (Davis et al., 1997).  The students, usually 15-18 

years old, attend the conference and meet with other students with similar interest in 

regards to the dairy industry (Davis et al., 1997), as well as many leaders in the industry.  

Conference attendees are given the opportunity of refining their understanding of dairy 

production processing, marketing, product use, and available dairy careers (Davis et al., 

1997).   

More commonly attended by dairy youth individuals are the State, Regional, and 

National Dairy Judging Contests.  Students practice for weeks and even months prior to 

the contest to learn to evaluate and select cattle based on guidelines in the Purebred Dairy 

Cattle Association Unified Score Card, first copyrighted in 1943.  Judging contests help 

train individuals for making career choices and benefits their personal character (Guthrie 

and Majeskie, 1997).  Dairy judging can either create or further a young persons personal 

attributes such as logical reasoning, decision making, honesty, defense for a decision, 
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pleasantness, etc. that will benefit them now and throughout their lives (Guthrie and 

Majeskie, 1997, Trimberger et al., 1987).   

 Dairy quiz bowls also further the development of dairy youth.  Through the quiz 

bowl process, participants are able to develop increased knowledge of dairy animals, 

enhance their awareness of the dairy industry, and learn individual alertness and self 

confidence (Spike, 1997).  Furthermore, participants in the dairy quiz bowl are more 

likely to seek further studies in the dairy industry and dairy science if they attend  a post-

secondary school (Spike, 1997).  Many states have district and state quiz bowls annually.  

The national contest has been held annually since its establishment thirty years ago.  It is 

held during the North American International Livestock Exposition in Louisville, 

Kentucky. 

 As the focus shifts to youth’s participation in dairy cattle shows it is important to 

point out that there are few resources that contribute data interpretation and information 

in regards to this wonderful, and somewhat historical activity.  There are several reasons 

as to why this omission may have occurred; however, it is the authors’ purpose, in this 

section and subsequent chapters, to discuss the Georgia Commercial Heifer Show and its 

importance to Georgia’s youth and dairy industry.  Much of the following information 

from the literature was from beef shows; however, this information applies directly to the 

dairy cattle show ring as well. 

For over 100 years, farmers around the globe have shown their dairy cattle at 

local, district, state, regional, national, and international shows.  Darlow (1958) stated 

that showing animals helps build greater demand for the product, a better understanding 

of one another’s problems, an extension and dissemination of knowledge, and the 
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promotion of prosperity for everyone in the field of animal husbandry.  It is the farmer’s 

desire to present his or her animals to a judge in which the judge compares their animals 

to other animals within the ring, all while comparing all the animals to the ideal 

individual for that particular breed and species.    

When one exhibits their animals to the judge, the purebred breeder is presenting 

the end result of the combined contributions made by scientists and himself (Darlow, 

1958).  According to Darlow (1958), it is the judge’s responsibility to interpret to the 

public the kind of animal that should be produced.  Over the years, shows have 

influenced the standard of type (Darlow, 1950).  This solidifies the need for the Purebred 

Dairy Cattle Association to update the Unified Score Card every 10-20 years.      

Although showing dairy heifers can be attributed to the advancements of both the 

scientist and producer, there is a social gap between these two. In Darlow’s entry, he tried 

to bridge this gap and state the causes as to why the interaction never has prospered.   

Darlow (1958) believes that there are scientists among the agricultural workers who think 

livestock shows are obsolete, and that if they were ever useful, they are no longer.  

Current dairy scientists are focused on specific research problems related to profitability 

and are far removed from showing.  Advancements in genetic research has lessened the 

need of using phenotypic evaluation to improve profitability on the farm.  Darlow (1958) 

trusts that the most successful livestock breeder, the producer of purebred livestock 

today, is a man who is making use of both the art and science of livestock breeding and 

the art and science of livestock nutrition and management.  This is still apparent in 

today’s show ring and industry, over 50 years after Darlow’s article was published.  
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As all are aware, it is virtually impossible now for a young person to start farming 

without having the infrastructure of the farm already laid out in front of them. This was 

apparent many years ago, as Aiton (1965) stated in his research that for a boy to get 

started in farming, he could only marry into or inherit the farm.  However, over the last 

century, many farm youth have been able to gradually grow into the occupation after 

their involvement in livestock youth programs, rather than having no childhood 

experiences on the farm and starting to work on the farm directly after entering the work 

force (Aiton, 1965).    

Over the years, 4-H and FFA programs, such as those provided currently have 

helped to retain some farm youth on the farms that may have been lost to non-farm 

occupations.    Furthermore, these same programs are readily available to the non-farm 

youth as well.  Many of these youth yearn for the opportunity to work with animals such 

as dairy heifers; therefore, with youth leaders and dairy producers providing livestock for 

these children to show, these non-farm children are provided the chance to be near dairy 

cattle (Schwanke, 1997).  As a result, these youth are able to learn basic knowledge of the 

dairy industry which can develop further by teaching life skills such as responsibility, 

loving care and affection, biological education, technology, glamour, empathy, profit, and 

challenge (Aiton, 1965, Schwanke, 1997).  Aiton (1965) believes that there is a direct 

transfer into good character and citizenship for those youth that have 4-H livestock 

projects; furthermore, many of those who have participated or involved would readily 

agree with Aiton when he postulates that there is nothing quite equal in value or 

stimulation to a successful 4-H livestock project experience.  Also, Darlow (1958) states 

that stock shows have proven to be the outstanding classrooms or laboratories.     
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 As time progresses and dairy farms continue to decrease in number, more and 

more students involved in dairy related programs are from a non-farm rural or urban 

background, which is a challenge to provide the best education for the changing clientele 

(Schwanke, 1997).  Although there is a decrease in the number of youth from the farm, 

there has been an increase in the number of youth involved with 4-H.  From the USDA 

(USDA Annual 4-H Youth Development Enrollment Report. 1985-1994) youth report, 

Schwanke (1997) was able to determine that both dairy and total 4-H project numbers 

had increased approximately 5,000 and 1,000,000, respectively from 1985 to 1994.  

Dairy projects have increased gradually, a similar trend to the total number of 4-H 

projects during this time period; furthermore, there were evident increases in the eastern, 

southern, and western regions during this time period (Schwanke, 1997).   Looking at the 

involvement of youth in 4-H from a gender basis, it is necessary to point out the sharp 

decrease of margin between the males and females.  Schwanke (1997) was able to 

determine that in 1985 there were over 10,000 more males involved in 4-H, but this 

number declined sharply to only almost 2,400 more males involved in 1994 (USDA 

Annual 4-H Youth Development Enrollment Report. 1985-1994).  Currently, this is 

apparent at livestock shows where the majority of exhibitors entering the show ring with 

their dairy livestock project are female.   

Across the United States, there are many youth programs that promote 

involvement of children in dairy cattle shows.  This is very apparent in states or regions 

in which dairy cattle shows are very popular.  Almost all these involve showing 

registered cattle.  Among these programs the ideas may differ slightly but the main 

objective is to provide youth the opportunity to show a dairy heifer or cow, whether 
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purchased, leased, or borrowed.  This in turn will allow for recognition of that individual 

all while developing career-building attributes that will help these youth in the future.  

Just in the Southeastern United States, five states quickly come to mind with their 

outstanding youth shows programs: Georgia (Commercial Dairy Heifer Show), North 

Carolina (Dairy Youth Foundation), South Carolina (Heifer Project), Tennessee (Jersey 

Youth Program), and Maryland (Managerial Lease Agreement).  Schwanke (1997) states 

that the agreement in Maryland allows nonfarm youth or those farm youth that may not 

have access to purebred dairy cattle  to participate in shows.  The Maryland Cooperative 

Extension Service developed the Managerial Lease Agreement in 1988; as a result, there 

has been increased participation by all involved attendees, including youth, their parents, 

and  dairy producer providing the animals (Schwanke, 1997).  Through a personal 

interview with the late Dr. Majeskie, Schwanke (1997) was able to determine that 78 

Maryland nonfarm youths were able to participate in dairy cattle shows through the 

managerial lease agreement.  Many states have successfully adopted a similar program 

that models the lease agreement established by Dr. Majeskie and the Maryland Extension 

Service. 

The Commercial Dairy Heifer Show in Georgia is very unique program.  This 

show was established by 4-H and FFA Advisors, along with faculty in the Animal and 

Dairy Science Department at the University of Georgia, as a way for Georgia’s youth to 

show dairy heifers, learn about the industry, meet industry leaders, and possibly start a 

career within the dairy industry.  Purebred show numbers were down.  This program was 

established in 1996, with the first show occurring in February 1997.  Because of the 

monies needed to show registered dairy animals, there are many children and families 
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that cannot meet the expense of maintaining a registered dairy animal.  The majority of 

dairy cattle in Georgia are not registered because Georgia is in a fluid milk market, dairy 

producers across the state are primarily concerned with keeping their herds healthy and 

putting milk into the bulk tank.   

Norman et al. (2001) reported that only 15% of cows within herds over 150 head 

are registered.  Thus, with a good supply of unregistered, commercial dairy heifers and a 

good number of youth belonging to established 4-H and FFA programs that were 

interested in dairy cattle made establishing the Commercial Dairy Heifer Program 

feasible in Georgia.  Both farm and non-farm students now receive the benefits and learn 

the responsibilities of being able to show dairy heifers in an organized show in this 

program.   

The number of Commercial Dairy Heifer Show annual entries into the State 

Junior Livestock Show is illustrated in Figure 1.  This is one of the largest shows in the 

Southeast.  Over the past few years, there has been an overall steady trend in the number 

of entries each year, peaking in 2002 (359), and staying near 300 since 2002. 

Objectives of Studies 

 The objectives of this thesis was to examine growth parameters of heifers enrolled 

in the Georgia Commercial Dairy Heifer Program, to determine whether any relationship 

exists between growth and placing within one of the shows in this youth program.  After 

calculating and evaluating ADG of these females, other growth measurements were 

collected to determine their relationships with age, ADG, and placing within a show.  The 

growth measurements of these commercial dairy heifers were compared to the guidelines 
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set by dairy researchers to determine whether the heifers were meeting industry 

standards. 
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CHAPTER 2 

THE RELATIONSHIP BETWEEN WEIGHT, AGE, AND AVERAGE DAILY GAIN, 

TO PERFORMANCE IN THE SHOW RING OF GEORGIA COMMERCIAL DAIRY 

HEIFERS
1 
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1
London, M.L., J.K. Bernard, M.A. Froetschel, W. M. Graves.  To be submitted to The 

Journal of Dairy Science. 
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Abstract 

 Three trials were conducted to determine the relationship between growth and 

placing in the show ring.  In trial one, 1,744 commercial dairy heifers (all breeds and 

crossbred animals) were evaluated to determine effects of growth on placing within 

Georgia Commercial Dairy Heifer Shows from 2007-2010.  Age and ADG were strongly 

inversely correlated (r = -0.89, P < 0.0001).  Mean average daily gain (ADG) for all 

heifers was determined to be 0.65 kg, below industry guidelines set at 0.7-0.8 kg.  No 

strong relationship (r = -0.07005, P = 0.0034) was observed between ADG and placing.  

Heavier heifers, within a class, showed a small positive (r = 0.10399, P < 0.0001) 

relationship with placing.  For trial 2, 238 heifers shown at the 2010 Georgia Junior 

National Livestock Show were evaluated for ADG, placing, body weight, age, wither 

height, hip height, hip width, jaw width, and switch clearance from the ground.  Height at 

withers had a moderate relationship (r = 0.42, P < 0.0001) with placing, followed by hip 

height (r = 0.32, P < 0.0001).  A positive relationship (r = 0.65, P < 0.0001) was observed 

between wither height and hip height.  The correlation between weight and placing was 

determined (r = 0.11, P = 0.10). Age and ADG had a strong inverse relationship (r = -

0.87, P < 0.0001).  Switch clearance from ground demonstrated a positive (r = 0.17, P < 

0.01) correlation with placing.  Trial 3 evaluated 1,489 Holstein heifers shown from 

2007-2010 and determined that 63.75% did not meet industry guidelines for weight gain.  

The 2007 and 2009 University of Georgia Commercial Dairy Heifer Shows reported 45% 

of animals shown achieved the industry guidelines for weight gain.  Performance and 

physical features associated with age indicates that commercial dairy heifers are under-

fed according to industry standards.  This has economic implications because these 
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animals will likely require more time before they enter the milk herd.  However, the 

Commercial Dairy Heifer Program is vital for youth development in Georgia. 

 

INDEX WORDS: Average Daily Gain, Georgia Commercial Dairy Heifer Program 

  

Introduction 

The dairy industry is a producer driven, diversified, constantly changing industry, 

consisting of several types of production, such as the growth and development of dairy 

heifers.  Dairy producers are constantly striving generate income over production costs 

while meeting the requirements of milk processors and consumers, while producing a 

safe and wholesome product, and abiding by regulations set by governing bodies.  

Profitable dairy production is dependent on producers paying strict attention to attaining 

cost effective and efficient milk production.  Over the last century, many new 

technologies have been introduced and put into practice that facilitates dairy cow 

production and efficiency.  Although most would argue that the dairy cow has always 

been the most efficient and productive food producing animal known to the human race, 

today’s cows are milking much more than the cows 100, 50, 25, and even 10 years ago.  

Attention to developing the immature dairy cow prior to lactation is recognized as being 

very critical to improved profitability and lifetime production.  

Raising dairy replacement heifers is a key component to dairy production.  Dairy 

heifers are grown with the goal that these females eventually entering the milking herd 

and producing milk according to their genetic potential.  The use of the adjective, 

replacement, refers to dairy producers consistently needing to replace or add dairy cows 

to the milking herd.  Replacement heifers can be used to maintain herd size or expand 
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herd size depending on culling rate.  Almost all dairy herds in the U.S. have expanded 

their herds in order to maintain farm income over inflation with a prevalent occurrence of 

sub-optimal milk prices in the last 25 years.  Dairy replacement heifer production is 

generally performed by dairy producers on their farm; however, there is a trend for more 

replacement heifers to be developed of the farm through contractual agreements with 

dairy replacement heifer growers.  Dairy heifer rearing is vital to the industry and to 

continuing the dairy production cycle.  It is also can be a means to attract interested youth 

involved in dairy heifer shows to join the dairy industry and one day become owners, 

managers, technical personnel, leaders, and advocates of this prosperous and wholesome 

industry. 

 Rural youth education programs are vital for developing participants into 

successful young men and women.  Programs such as the Georgia Commercial Dairy 

Heifer Program give youth across the state the opportunity to exhibit a dairy heifer, gain 

knowledge of the dairy industry, and develop personal qualities that will benefit them 

throughout their life.  This program, now in its 14
th

 year, has benefited many youth 

throughout Georgia.  Many participants come from rural, non-farming backgrounds.  

Because of their involvement with dairy heifers and even other youth livestock programs, 

a number of these young adults have sought an education as well as successful careers 

related to animal agriculture.  Furthermore, if these individuals choose a career outside of 

agriculture, they still will always be mindful of the goodness of animal agriculture, and 

its importance, to society as a whole. 
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Materials and Methods 

Average Daily Gain and its relationships 

For this study, records from 1744 commercial dairy heifers shown in 2007 

through 2010 were used to determine if average daily gain (ADG) or other growth factors 

had any effect on a judge’s placing.  The BW gain of these heifers was compared to the 

projected ADG values from the NRC (2001) and Kertz el al. (1987).  All heifers were 

shown in two different shows, The University of Georgia Commercial Dairy Heifer Show 

(Athens, GA) and The Georgia Junior National Livestock Show (Perry, GA), that were 

held on the second and fourth Saturdays in February.  The study included observations 

from eight shows, one show/location/year from 2007-2010.  These two annual shows 

were selected for this because of the number of animals shown within them.  On average, 

these shows attribute to the largest (based on number of animals exhibited) two shows 

held in the Georgia and compare, in number, to regional shows held throughout the 

Southeastern United States.     

To be eligible for one of these shows, the exhibitor must be a member of a 4-H or 

FFA chapter, and be least nine years old.  Exhibitors become ineligible to show upon 

graduation from High School.  Most of the exhibitors are Middle and High School 

students.  Dairy heifers are eligible to be exhibited in the commercial shows as long as 

they are not registered with a breed association, and be born between March 1
st
 and 

September 30
th

 of the previous year.   The dairy heifer must meet the general health 

requirements of the Georgia Department of Agriculture and the BW must meet the 

minimum and maximum requirements set by the superintendent at the time of check-in.  
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This is to ensure that these heifers are receiving proper nutrition, and not being over or 

underfed for their age.   

Any heifer that was not within these weigh requirements was disqualified from 

the show and was removed from the study.  In most cases, the superintendent must trust 

and assume that the exhibitor is providing accurate information about his or her heifer’s 

information, i.e. birth date and not being registered with a breed association.  According 

to Normal et al. (2001), in purebred programs, many birth dates for some animals may 

have been altered intentionally to be assigned a younger show class.  However, when 

studying farms with commercial dairy cows, it was determined that the accuracy of 

reported birth dates were likely reasonably correct, when it was determined that the 

offspring studied had a more uniform rate of births throughout each month (Norman et 

al., 2001).  For the purpose of this study, the assumption is made that the exhibitors, 

breeders, teachers, and volunteers are making ethical choices and providing accurate 

information, thus making the results of this study valid.    

Upon registering for one of the shows, exhibitors and their 4-H or FFA advisors 

provided the show superintendent information that was used in the study.  This included 

breed of the heifer, birth date of the heifer, identification of heifer, and the county the 

exhibitor resides.  When an exhibitor and commercial dairy heifer initially arrive at a 

show, they are checked in, officially weighed, and then exhibitors and their animals into 

logical showmanship and weight classes.  Upon Check-in at the show, the information 

provided in the registration form is verified by the superintendent and exhibitor.  After 

this verification process is completed, the commercial dairy heifer is weighed and 

recorded by the superintendent or show staff.   
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After all the heifers are checked and weighed in, youth participate in 

showmanship based on their grade in school.  Before or while showmanship is occurring, 

the superintendent and show staff split the heifers in equal groups of similar weight.  This 

group of heifers is considered a weight class and will compete against each other.  The 

competition within the class is based on confirmation of the heifers within in the class as 

compared to ideal.  When evaluating dairy heifer conformation, the judge is basing their 

evaluation on three main criteria: frame, dairy strength, and rear feet and legs.  Although 

there is no official scorecard for the dairy heifer, almost all refer to the Purebred Dairy 

Cattle Association (PDCA) Dairy Cow Unified Score Card (2009).  In this score card 

udder is evaluated; however, due to heifers not possessing a functional udder, this section 

carries little significance as the judge evaluates udder promise, the appearance of 

developing into a desirable mammary system.  The judge will also evaluate the udder and 

determine if defects are present.   

In regards to evaluating dairy heifer frame, the judge is looking at the overall 

dimensions of the heifer.  In short, he or she is evaluating height at the point of withers, 

length of the dairy heifer from head to tail.  The judge will also view the heifer and 

determine whether she is structurally sound.  For this to occur, the judge will evaluate her 

back, or topline, and determine its straightness.  Also, the judge will evaluate the heifer’s 

rump, and determine whether the slope from hooks to pins is correct and the amount of 

width she possesses, a direct relationship to her ability to calve. 

When evaluating dairy strength, the judge is looking for a heifer that combines 

width throughout the heifer, all while looking feminine and not carrying any excessive 

condition, or flesh. Furthermore, the judge will consider the overall circumference of the 
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body, the depth, length and width through the barrel.  This is directly proportionate to the 

amount of feed the heifer can consume, store, and utilize for maintenance and growth; 

equally important, this direct relationship will continue as this heifer calves and begins to 

produce milk.    

The third section to evaluate is rear feet and legs.  The judge will evaluate the 

heifer as she walks and determine whether she has the correct movement necessary for 

her to have mobility and to support a large body mass as a mature cow.  This range of 

movement is also vital as the heifer becomes a cow and must walk to the milking parlor 

twice or three times a day.  Rear feet and leg evaluation focuses around the hock, and 

determining that the angle of the hock is correct in relation to the thurl and hoof.  A 

correct angle to the hock will give the flexibility the heifer needs to move correctly.  Too 

steep of an angle, causes the heifer to be stiff in her leg and will likely result in leg 

problems as the heifer matures.  Equally important, a small angle will cause more weight 

to be put upon the back of the hoof and pastern, likely resulting in the heifer becoming 

weak in her pasterns. 

After all of these points of interest are evaluated, the judge ranks the heifers 

within each class.  By combining all the evaluation points previously mentioned, the 

judge’s ranking is based upon which animals best combine all these desirable 

characteristics.  The ranking order was collected by the superintendent or an assistant.  

Upon completion of the weight classes, the judge will select the overall champion and the 

reserve grand champion of the show from the top individual heifers from each class.  

Although the study was not initiated until the beginning of 2009, accurate participation 

records had been collected for both the University of Georgia Commercial Dairy Heifer 
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Show and The Georgia Junior National Livestock Show.  Data from both shows for 2007 

through 2010 shows were recorded at both locations.  Upon completion of the 2010 show 

season, information from these eight shows was complied into a single data set contained 

in a Microsoft Excel
®
 spreadsheet.  In this spreadsheet, each commercial dairy heifer’s 

information was entered.  These include: identification of the heifer, year the heifer was 

shown, the show it was shown in, weight of the heifer, date of the weigh-in, respective 

weight class the heifer competed in, breed of the heifer, county in which exhibitor 

resides, birth date of heifer, and placing within the weight class.  Next the heifers were 

sorted based on their breed.  The average birth weight for each breed type as provided 

from research from Tyler and Ensminger (2006) was entered for each calf and used in 

ADG estimations.  For crossbreeds, the average birth weight of the parent breeds was 

used for the birth weight of those heifers.   

 The age of the commercial dairy heifer was calculated by taking the birth date of 

the heifer and subtracting it from the date of the weigh in.  This difference was reported 

on a day basis.  ADG was calculated for each heifer, taking the average birth weight, 

subtracting the weight at the show from it; then dividing this difference into the age (in 

days) of the heifer.  Each class was then sorted by their ADG, in descending order, and 

given a rank based on this order.  Next, BW and age were ranked as well, each were 

given a rank of 1 for the heaviest and oldest, respectively.  Now having a ranking for 

placing in the show, ADG, BW, and age for each heifer, all of these ranking were then 

put into a percentage by taking each ranking and dividing by the total number of heifers 

within that class.  These percentages were then correlated using the Pearson and 

Spearman correlation calculations in SAS
 
(SAS Institute, 2008). Then each placing and 
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ADG rank was evaluated further.  For each ranking in ADG, the average placing and 

ADG were reported.  In each placing, ADG and average ADG rank were evaluated. 

Pennsylvania State growth spreadsheet measurements and their relationships 

For the second section in the study, 238 heifers shown in the 2010 Georgia Junior 

National Livestock Show were further evaluated upon check-in at the show.  

Measurements were taken and entered in the Growth Monitor Spreadsheet (Pennsylvania 

State University, State College, Pennsylvania), and used to determine whether these 

heifers were being developed properly, and decide whether a relationship was present 

between any of these measurements and the judge’s placing in the show.  After the 

heifers were weighed, several specific anatomically distances were measured in each 

heifer including hip height, wither height, hip width, jaw width, and switch clearance.  

For hip height, the measurement was taken along top and middle of the back of the heifer 

and measured the distance from this point to the ground.  Similarly, wither height was 

measured from the top of the back, at the shoulder, to the ground.  The hip height, wither 

height, and switch distance were measured with a Ketchum Deluxe Livestock Measure 

(Ketchum Manufacturing Incorporated, Brockville, Ontario, Canada).  The hip width was 

measured as the width between the thurl joints.  In addition to these measurements for the 

Pennsylvania State Growth Spreadsheet (State College, Pennsylvania), jaw width and the 

distance from the end of the switch to the ground were taken to see if any other 

measurements could be related to placing in the show.    The hip width and jaw width 

were measured by a custom-designed instrument from the University of Georgia 

Instrument Shop shown in figure 2.  Input into the Pennsylvania State Growth Manual 

Spreadsheet included: date of measurement, identification of the heifer, birth date of 
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heifer, weight, hip height, wither height, and hip width.  The Ayrshire, Brown Swiss, 

Holstein, and Jersey heifers were entered into their respective breed spreadsheets.  

Twenty two heifers measured were crossbreds and were removed from the Penn State 

growth spreadsheets, but still used in the comparison to determine a relationship between 

these anatomical measurements and placing in a show.  Eleven (4.6 %) heifers were 

omitted in the relationship between switch length from ground and placing rank due to 

them having docked tails.   

Information from the database from the first section and these anatomical 

measurements were merged for the purpose of a statistical analysis and generating 

correlations.  When the data was merged, correlations were calculated, to determine 

relationships between these measurements and the placing in the show.  Similar to the 

ranking system in used in previous section, the wither height, hip height, hip width, jaw 

width, and switch clearance were ranked.  For the height and clearance measurements, a 

rank of 1 was given to tallest individual heifer within the class.  For the width 

measurements, the widest heifer within the class was given a rank of 1.  Also, a rank of 1 

was given to the heifer that possessed the most clearance from the end of her switch to 

the ground.  Furthermore, after these rankings were given, a percentage was then given 

for each measurement by dividing the rank into the number of individuals within the 

class. For animals with equal measurements, there were given the same rank (i.e. in class 

one, two heifers had 99.06 cm for wither height and no other animals in the class were 

taller, both were given a rank of 1).  All of these rankings were then correlated using the 

spearman correlation procedure in SAS
® 

to determine potential relationships that may 

exist between growth and development and placement in the show by a judge. 
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Holstein Weight Evaluation 

 After using the Pennsylvania State Growth Spreadsheet for the 2010 Georgia 

Junior National Livestock Show, the decision was made to enter data from all the shows 

into the spreadsheet.  Most of the heifers shown were Holsteins; therefore a subset of data 

using only Holsteins was analyzed.  These 1,489 heifers were entered into the 

Spreadsheet with the objective of identifying heifers not meeting the weight guidelines, 

based on age.  Furthermore, the goal was to determine if certain counties were more or 

less abiding to industry growth and development guidelines.  Of the measurements 

evaluated in the spreadsheet, BW was the only measurement used in this section due to 

the fact that the anatomical measurements were not recorded for all shows prior to the 

2010 Georgia Junior National Livestock Show.  Information used for this analysis 

included: identification, BW, and age for each individual.  After entering this data into 

the spreadsheet, the spreadsheet is able to predict heifers underweight for age. Standards 

are based on the results of measuring a large number of heifers of various breeds 

throughout the United States.  Upon determining whether each heifer was meeting the 

guidelines set forth in the Pennsylvania State Growth Spreadsheet, the information was 

then transferred back into a Microsoft Excel
® 

spreadsheet.  In this spreadsheet, 

proportions of under or meeting weight requirements were determined based on show and 

county.  Also, the difference between guidelines in the spreadsheet and the weight of the 

individual heifer were determined.  These data were then grouped based on this 

difference, desiring to deterimine how much of a difference between the actual weight 

and the guidelines from the spreadsheet existed.  Heifers that were underweight were 

grouped as follows: more than 50 kg underweight, more than 25 to 50 kg underweight, 
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and less than 0 kg to 25 kg underweight.  Similarly, heifers that met BW requirements 

were grouped: 0 kg difference to 25 kg exceeding the requirement, more than 25 to 50 kg, 

and greater than 50 kg. 

Results and Discussion 

Average Daily Gain and its relationships    

 Mean ADG for the animals participating in eight shows over a four year period 

(2007-2010) were calculated for each show and are presented in table 2.  For all shows 

combined, the ADG was 0.65 kg, which is below the recommended ADG levels of 0.7 to 

0.8 kg per day (Kertz et al., 1987, NRC, 2001, and Zanton and Heinrichs, 2005).  The 

ADG sorted by breed and county is presented in tables 3, 4, and 5 respectively.  Breeds 

and crossbreeds with less than ten observations were combined together and form the 

other breeds section.  This combining held true for counties as well.  Jerseys had the 

lowest ADG of 0.52 kg, followed by Jersey-Holsteins (0.53 kg), and Brown Swiss (0.55 

kg).  Holsteins had the highest ADG with a calculated average of 0.66.  Counties that had 

mean ADG within previously suggested values at or over 0.7 kg were Wilcox (0.77 kg), 

Murray (0.75 kg), Oglethorpe (0.72 kg), Putman (0.70 kg), and Whitefield (0.70 kg).  The 

counties with ADG values lower than 0.55 kg were Greene (0.55 kg), Dade (0.54 kg), 

Dawson (0.54 kg), Peach (0.52 kg), and Macon (0.36 kg). 

  After evaluation of each ADG rank and placing for each class, the results are 

found in table 6.  For the ADG rankings 1,2,3,4, and 5 within a class, the ADG for these 

rankings are 0.82 kg, 0.75 kg, 0.72 kg, 0.69 kg, 0.66 kg; respectively.  For the first five 

placings within a class, the first four had a mean ADG of 0.65 kg and the fifth had a 

mean ADG of 0.64 kg.  Average ADG rank for these five placings were 6.02, 5.96, 6.21, 
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6.21, and 6.51; respectively.  This indicates that commercial dairy heifers that placed 1
st
 

through 5
th

 in a class had a ranking at or near 6 for ADG, indicating that five to six 

individuals in the class had more desirable ADG levels.   

 Although the relationship was not strong there was a statistically significant 

correlation between placing rank and ADG rank in a particular class (Table 7).  For 1,744 

heifers evaluated, the correlation between these two parameters was determined              

(r = -0.07, P = 0.0034). When placing and BW were analyzed, a small positive 

relationship was found between placing rank and weight rank (heaviest to lightest) (r = 

0.10, P < 0.0001). Similarly, placing rank and age rank (oldest to youngest) were not 

strongly related (r = 0.091, P = 0.0002).  It is important to point out that many of the 

heifers that were evaluated for this study were observed at both shows.  Although, two 

observations occurred, the placing within each show was independent from each other, 

since different judges evaluated and placed at the shows.  Similarly, correlations between 

weight, gain, and feed intake were small (r < 0.2) when related to milk production as the 

heifer enters the milking herd (Lee, 1997).  Further research measuring milk production 

of heifers shown in the Commercial Dairy Heifer Program is necessary to prove or refute 

Lee’s findings.  A strong, negative relationship was observed between ADG rank and age 

(r = -0.89, P < 0.0001).  This was expected due to the indirect relationship of these two.  

For instance, if weight is equal in two dairy heifers, the one that is younger will likely 

have a higher ADG.  

Pennsylvania State growth spreadsheet measurements and their relationships 

 During the 2010 Georgia Junior National Livestock Show, 238 Commercial Dairy 

Heifers were measured for their weight, jaw width, wither height, hip height, hip width, 
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and the distance from the end of the switch to the ground, referred to as switch clearance.  

These measurements were taken to help provide a more complete measure of growth and 

age related development in the dairy replacement heifer (Heinrichs and Hargrove, 1991, 

Hoffman, 1997).  After entering the data into the Pennsylvania State Growth Spreadsheet, 

graphs were established for weight, wither height, hip height, and hip width; furthermore, 

graphs of these measurements are presented in figures 3 through figure 6, respectively.  

For each graph, a fitted line is given for the heifers based on their measurements and age.  

In the weight graph, the line representation is well below the median line.  Surprisingly, 

wither height is most near the 75
th

 percentile for all ages of the Holstein heifers.  Because 

approximately half of wither height growth occurs before 6 mo of age (Kertz et al., 

1998), these heifers will likely be able to reach proper wither height as mature cows.  To 

increase wither height even greater from the standard, dairy producers and heifer growers 

alike can increase crude protein in the pre-weaned diet (Brown et al., 2005b).  Hip height 

is near the lower guidelines set and hip width is near the upper end for the younger 

heifers, decreasing their average ranking as the heifers get older.   

 In determining relationships between any of the measurements taken, age and 

ADG, just as in the first section, had the strongest relationship (r = -0.87, P < 0.0001).  

As expected, there was a strong relationship (r = 0.65, P < 0.0001) between wither height 

and hip height.  Furthermore, both of these are moderately related to the placing rank 

within a class.  Wither height and placing calculated correlation was (r = 0.42, P < 0.001).  

Similarly, hip height and placing were moderately related (r = 0.32, P < 0.0001).  

Surprisingly, there were relationships observed between switch clearance and the other 

growth and development measurements.  In general, switches were clean and brushed 
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out.  Switch clearance had a stronger relationship to placing (r = 0.17, P = 0.0125), than 

ADG (r = -0.02, P = 0.7563).  Of the anatomical measurements taken, switch clearance 

was more closely correlated to ADG (r = 0.23, P = 0.0008).  A complete list of all 

anatomical correlations can be found in table 8.  Data from crossbred dairy heifers were 

included in the correlation equations; however, due to lack of a growth spreadsheet for 

crossbreds, they were not entered into the Pennsylvania State Growth Spreadsheet.  

 As producers become more concerned over fertility, calf survival, and overall 

health within their cattle, they may implement more crossbreeding systems in their herds 

(Heins et al. 2008).  As a result, more crossbred heifers will be exhibited in the Georgia 

Commercial Dairy Heifer Program.  Also, if there is an increase in crossbred dairy 

replacement heifers across the United States, dairy producers would benefit from 

guidelines establish for wither height and measurements, to evaluate growth, in detail, 

within these animals.  However, crossbred heifers will likely be difficult to study due to 

their increased variation in body size (Heins et al. 2008; Weigel and Barlass, 2003).   

Holstein Weight Evaluation 

 1,489 Holstein heifers evaluated for actual weight versus the predicted weight.  

538 (36.25%) heifers met or exceeded requirements.  The two shows with the highest 

proportion of adequately grown heifers was the 2007 and 2009 University of Georgia 

Commercial Dairy Heifer Shows.  At both of these shows, 45% of the Holsteins shown 

were growing to industry guidelines.  From 2007-2010, 951 (63.75 %) of the Holstein 

heifers evaluated failed to meet the guidelines set forth in the Penn State Growth 

Spreadsheet (Pennsylvania State University, State College, Pennsylvania).  This 

percentage appears to be increasing since 2007 where Holsteins shown in the University 
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of Georgia Commercial Dairy Heifer Show comprised of only 55% of entries that were 

not meeting weight guidelines.  Moreover, the 2010 Georgia Junior National Livestock 

Show had over 70 % of its entries that did not meet these established guidelines.  Factors 

that can attribute to failing to meet the guidelines can be poor genetics, nutrition, 

management, and environment (Heinrichs and Hargrove, 1987).  In addition, dairy 

heifers are often fasted prior to being weighed at check-in because a shrunk-weight 

enables a greater chance for a heifer to be placed in a smaller weight class.  A more 

detailed look at each individual show and its composition of heifers performing or not 

performing to the guidelines is presented in table 9.   

 Each county was evaluated to determine whether their Holstein heifers were or 

were not achieving weight guidelines. With over 25 counties showing through these four 

years, there was a wide range of proportions of heifers below or meeting weight 

guidelines.  Counties that had over 85% of their Holstein heifers not meeting weight were 

Chattooga (87.8 %), Dawson (92.3), Perry (93.1%), and Macon (95.5 %).  On the 

contrary, some counties proved to have over half of the Holstein heifers exhibited meet or 

exceed weight guidelines.  Wilcox (66.2 %) exhibited the highest proportion of heifers 

meeting industry guidelines followed by: Murray (35.7 %), Whitfield (60.0 %), 

Oglethorpe (53.16 % ), and Putnam (52.94 %).   A complete list of each county’s 

proportion of Holstein heifers meeting weight requirements is located in table 10.   

 After breaking down the differences between suggested weight and actual 

weights, the highest proportion of heifers that were below specifications were within 25 

kg of meeting the guidelines for shows during 2007-2009.  For the 2010 shows, the 

highest proportion of underweight heifers was underweight by at least 25 kg upwards to 
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50 kg underweight.  For heifers that were meeting or exceeding Pennsylvania State’s 

guidelines, the highest proportion of these heifers was within 25 kg of the benchmark.  

This was true for all eight shows observed in the four years observed.   A breakdown of 

each show and the difference in actual weights from suggested weights is available in 

table 11.    

 It is imperative to discuss the possible effects for these heifers that are 

underweight for their age.  As previously discussed, rate of growth has a direct effect on 

when a heifer becomes sexually mature (Heinrichs, 1993). Furthermore, weight of the 

heifer is the main determining factor of when the onset of puberty occurs (Coffey et al., 

2006, Sejrsen and Purup, 1997, Tyler and Ensminger, 2003, Van Amburgh, 1993).  For 

these 951 heifers that are not meeting the guidelines from the spreadsheet, it is probable 

that the onset of puberty was delayed.  However, this remains to be proven and it would 

be difficult to ascertain due to the fact that these heifers are reared across Georgia.  

Perhaps a subset of heifers from a few farms could be measured.  It is to be noted that 

several environmental differences between the different regions in the United States.  

Future research is needed to verify that the growth curves from the Pennsylvania State 

Growth Manual Spreadsheet do apply to dairy heifer growth in the Southeastern United 

States.  However it is to be noted that the Pennsylvania State Growth Manual Spreadsheet 

is the growth evaluator of choice for most dairy rearing operations across the country.      

 Another consequence of being underweight would be an increase in age at first 

calving.  Rate of growth, or ADG, has a direct effect on age at first calving and 

productivity per day of herd life (Heinrichs, 1993).  Since most of the heifers involved in 

the Georgia Commercial Dairy Heifer Program are leased, they are returned to their 
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owners after the show season has been completed.  For these heifers that are not meeting 

weight guidelines, it is possible that these heifers are calving later in their life, increasing 

the non-productive period for the female and increasing the cost to raise the dairy 

replacement heifer (Brown et al., 2005b, Greaser, 1992, Heinrichs, 1993, Place et al., 

1998, Willet et al. 1992).  This can be reversed by increasing the amount of energy and 

protein in the dairy replacement heifer ration (Brown et al., 2005b, Gabler and Heinrichs, 

2003b, Lammers and Heinrichs, 2000), especially during the first six months of a dairy 

replacement heifer’s life, when the cost per kg of BW gain is less than any other time 

period (Brown et al., 2005b, Kertz et al., 1998).   

 Overall, it appears that calves shown in the Georgia Commercial Dairy Heifer 

Program are being under-fed.  This may cause dairy producers to be less willing to 

provide animals for youth exhibitors participating in commercial heifer shows in the 

future.  In order to insure future success of this activity, officials should provide more 

careful weight guidelines for heifers participating in the show.  Exhibitors should be 

better educated on proper feeding and an estimated ADG range that fits standard industry 

growth criteria.    

Conclusions 

 When comparing Commercial Dairy Heifers within a class at one of the 

Commercial Dairy Heifer Shows, evidence indicates there are no strong relationships 

between ADG, BW, and age with placing.  As expected, there is an indirect relationship 

between age and ADG.  Future studies might consider researching heifers throughout 

each female’s mature life in the milking herd.  By observing these heifers as cows, 

relationships between efficiency in the milking herd and performance within the heifer 
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show.  Further, comparisons between heifers exhibited within the show and their non-

shown herd mates are needed to determine whether the Commercial Dairy Heifer 

Program is a positive or negative benefit to Georgia’s dairy replacement heifers.  

Currently, no milk production records are available for these heifers to determine if any 

of these observed measurements can be related to milk production.  

 After evaluating frame measurements of the heifers shown, wither height had the 

strongest relationship to placing within a class.  After observing that switch clearance had 

a stronger relationship to placing than ADG, weight, age, and hip width, future studies 

may or may not solidify the importance of this measurement to placing within a class. 

Furthermore, other anatomical measurements may prove to be related to placing.  

Because of stature’s significance in evaluating dairy heifers, it is possible that wither 

height may indeed be the strongest indicator of how well a dairy replacement heifer 

performs in a particular show. 

 Holstein heifers shown in the Commercial Dairy Heifer Program were evaluated 

for growth; a majority of these heifers did not meet industry’s growth expectations.  

When looking at each county’s proportion of underweight heifers, these results mirror the 

calculated ADG values for each county in the first section.  Counties with low ADG 

values had higher proportions of underweight heifers.  No single reason was identified as 

to why a majority of these dairy replacement heifers are underachieving.  Whether the 

culprit is poor genetics, nutrition, environment, or other sources, people associated with 

the Commercial Dairy Heifer Program must be made aware of this problem within the 

Commercial Dairy Heifer Program. Many see it in the ring anyway.  However, the 

development of tomorrow’s dairy leaders and producers hinge on their involvement 
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within this program.  Therefore, minor deviances from growth guidelines may not be as 

detrimental as one would think.     

 Furthermore, these same people should be informed of how to improve heifer 

growth.  Whether it is to increase protein, improve environment conditions, it is 

important for there to be an increase in the number of heifers growing near or execeeding 

industry guidelines.  The suggestions of 0.7 to 0.8 kg ADG should be a priority to those 

associated with the Commercial Dairy Heifer Program.  This in turn will allow the owner 

of these heifers to reap the economic benefit of properly grown dairy replacement heifers 

and productive cows entering the milking herd in the future. 
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CHAPTER 3 

IMPLICATIONS 

 The purpose of this research was to evaluate growth of dairy replacement heifers 

shown in the Commercial Dairy Heifer Program.   After completing this study, it is 

apparent that exhibitors, producers, and school personnel should strive to execute better 

rearing methods for these females.  This could be enforced by changing the eligibility 

recommendations to mirror industry growth suggestions.  If improved rearing methods 

occur, the owner may be able to increase productivity as the heifer matures.  While 

measuring wither height and other measurements, the goal was to determine some 

measurement that could be related to and predict the placing of the commercial dairy 

heifer in the show.   Further research may find a measurement that has a stronger 

relationship to placing, than wither height.  These measurements may possibly help to 

validate whether age information provided by the owner, exhibitor, and or volunteer.  

Although it is believed that most exhibitors do report accurate ages of these heifers, if the 

age was confirmed by researchers, a more detailed, accurate evaluation of heifer growth 

within the Commercial Dairy Heifer Show can be completed.   
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Table 1. Optimum growth patterns for Holstein heifers in ideal conditions (Hoffman, 

undated). 

 

 

 

Upper Range Lower Range 

Age 

Mo 

BW 

kg 

ADG 

kg 

WH 

cm 

BL 

cm 

BW 

kg  

ADG 

kg 

WH 

cm 

BL 

cm 

0.0 42.2 
 

76.2 81.3 42.2 
 

76.2 81.3 

1.0 63.0 0.7 81.3 86.4 63.0 0.7 81.3 86.4 

2.0 83.9 0.7 86.4 94.0 83.9 0.7 86.4 94.0 

3.0 109.8 0.8 91.4 99.1 107.0 0.8 91.4 99.1 

4.0 135.2 0.8 99.1 104.1 130.2 0.8 96.5 104.1 

5.0 161.0 0.8 101.6 109.2 153.8 0.8 101.6 109.2 

6.0 186.0 0.8 104.1 116.8 176.9 0.8 104.1 114.3 

7.0 211.8 0.8 109.2 121.9 200.0 0.8 106.7 119.4 

8.0 236.8 0.8 111.8 127.0 222.7 0.8 109.2 121.9 

9.0 263.1 0.8 111.8 132.1 246.8 0.8 111.8 127.0 

10.0 288.0 0.8 116.8 134.6 269.9 0.8 114.3 132.1 

11.0 313.9 0.8 116.8 139.7 293.0 0.8 116.8 137.2 

12.0 338.8 0.8 119.4 142.2 315.7 0.8 116.8 139.7 

13.0 364.7 0.8 121.9 147.3 339.7 0.8 119.4 142.2 

14.0 390.1 0.8 124.5 149.9 362.9 0.8 121.9 147.3 

15.0 415.9 0.8 127.0 154.9 386.0 0.8 124.5 149.9 

16.0 440.9 0.8 127.0 157.5 408.7 0.8 127.0 152.4 

17.0 466.7 0.8 129.5 160.0 431.8 0.8 127.0 154.9 

18.0 491.7 0.8 132.1 162.6 455.9 0.8 129.5 157.5 

19.0 518.0 0.8 132.1 165.1 479.0 0.8 132.1 160.0 

20.0 543.0 0.8 134.6 165.1 501.7 0.8 132.1 162.6 

21.0 568.8 0.8 137.2 167.6 524.8 0.8 134.6 165.1 

22.0 593.8 0.8 137.2 170.2 548.8 0.8 134.6 167.6 

23.0 619.6 0.8 139.7 170.2 572.0 0.8 137.2 167.6 

24.0 645.0 0.8 142.2 172.7 594.7 0.8 137.2 170.2 

7-d 

postpart. 
581.1 

   
535.7 

   

30-d 

postpart. 
540.7 

   
499.9 

   
1
WH=wither height, BL= body length from the point of shoulder to the ischium. 

2
Pelvic area > 260 cm

2
. 
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Table 2. A detailed look at age, weight, and ADG from 2007-2010.  

Show # of Obs. % of total 

Obs. 

Mean Age, d SEM, age Mean 

Weight, kg 

SEM, 

weight 

Mean ADG, 

kg/ d 

SEM, ADG 

2007 UGA
1 

215 12.33 230.38 4.36 197.73 4.18 0.67 0.01 

2007 Perry
2 

247 14.16 242.50 4.25 200.83 3.97 0.65 0.01 

2008 UGA 220 12.61 247.69 4.42 202.12 4.09 0.65 0.01 

2008 Perry
 

244 13.99 252.51 4.31 205.69 3.86 0.65 0.01 

2009 UGA
 

186 10.67 243.37 4.94 202.02 4.91 0.66 0.01 

2009 Perry
 

216 12.39 251.50 4.51 204.80 4.38 0.65 0.01 

2010 UGA
 

178 10.21 238.24 4.84 190.16 4.60 0.62 0.01 

2010 Perry 238 13.65 246.98 3.99 197.02 3.76 0.63 0.01 
1
University of Georgia Commercial Dairy Heifer Show, Athens, Georgia.

 

2 
Georgia Junior National Livestock Show, Georgia National Fairgrounds Perry,Georgia. 

 

 

 

Table 3. Breed comparison within the Commercial Dairy Heifer Program, 2007-2010  

Breed # of Obs. % of total 

Obs. 

Mean 

Age, d 

SEM, 

Age 

Mean 

Weight, kg 

SEM, 

Weight 

Mean 

ADG,  

kg/ d 

SEM, 

ADG 

BS 34 1.95 231.74 13.84 174.11 10.99 0.55 0.03 

HO 1485 85.15 245.98 1.70 204.28 1.61 0.66 0.00 

JE 34 1.95 236.47 9.68 144.00 4.21 0.52 0.02 

BS X HO 44 2.52 233.61 11.69 184.02 8.94 0.60 0.02 

JE X HO  136 7.80 237.54 5.44 186.06 4.89 0.63 0.01 

Other 

Breeds
1 

11 0.63 229.73 17.06 159.34 16.87 0.53 0.04 

1
Includes all breeds and crossbreeds that n<10 from 2007-2010. 
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Table 4. County (first letter A-M) comparison within the Commercial Dairy Heifer Program, 2007-2010 

County Percent 

of total 

obs. 

Mean 

age, d 

SEM, 

age 

Mean 

weight, 

kg 

SEM, 

weight 

Mean 

ADG, 

kg/d 

SEM, 

ADG 

Mean 

placing 

SEM, 

placing 

Mean 

ADG 

rank 

SEM, 

ADG 

rank 

Burke 3.73 225.7 10.16 173.6 7.67 0.58 0.02 4.95 0.39 6.0 0.46 

Chattooga 2.87 249.2 8.98 189.6 7.95 0.59 0.02 4.4 0.35 7.2 0.48 

Coweta 4.76 249.4 7.56 208.7 6.48 0.66 0.01 4.2 0.28 6.4 0.34 

Dade 0.92 207.4 17.56 157.5 14.81 0.54 0.04 10.3 0.57 7.6 0.94 

Dawson 0.80 234.2 14.83 168.4 11.31 0.54 0.03 8.3 0.68 2.2 0.77 

Elbert 5.73 280.5 6.28 225.9 5.68 0.65 0.01 6.9 0.33 7.8 0.30 

Greene 4.93 221.5 6.15 160.0 4.86 0.55 0.01 6.8 0.37 7.3 0.35 

Hart 0.57 294.8 9.78 242.0 12.29 0.69 0.03 8.6 0.69 7.9 1.24 

Houston 5.73 274.9 6.16 223.5 5.28 0.66 0.01 2.5 0.20 7.0 0.31 

Jones 5.50 278.6 5.12 225.6 5.19 0.67 0.02 6.7 0.32 6.9 0.38 

Lee 6.65 208.1 5.42 223.8 5.46 0.64 0.01 6.0 0.26 7.3 0.28 

Macon 1.61 217.1 11.01 114.7 5.37 0.36 0.02 8.0 0.53 7.6 0.62 

Madison 0.86 193.4 7.48 153.4 6.00 0.60 0.04 8.4 0.68 5.2 0.98 

Morgan 12.44 234.0 4.43 196.8 3.76 0.68 0.01 7.1 0.21 5.4 0.23 

Murray 0.92 307.4 7.57 271.7 7.18 0.75 0.02 1.9 0.34 6.4 0.75 
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Table 5. County (first letter N-Z) comparison within the Commercial Dairy Heifer Program, 2007-2010  

County Percent 

of total 

obs. 

Mean 

age, d 

SEM, 

age 

Mean 

weight, 

kg 

SEM,

weight 

Mean 

ADG, 

kg/d 

SEM, 

ADG 

Mean 

placing 

SEM, 

placing 

Mean 

ADG 

rank 

SEM, 

ADG 

rank  

Oconee 9.92 222.4 3.85 177.1 3.88 0.62 0.01 8.0 0.22 5.8 0.24 
 

Oglethorpe 4.99 238.8 5.89 208.4 5.84 0.70 0.02 8.4 0.31 5.2 0.35 
 

Peach 0.86 153.1 3.72 122.0 6.34 0.52 0.04 8.9 0.93 4.7 0.98  
Perry 3.38 268.9 9.12 194.9 6.70 0.56 0.01 6.8 0.43 9.0 0.40  

Putnam 6.02 243.4 7.25 216.4 7.92 0.70 0.02 3.9 0.26 5.0 0.32  
Screven 1.03 183.4 9.73 161.3 8.66 0.65 0.04 6.8 0.74 4.1 0.66  
White 4.64 245.0 7.26 212.1 6.93 0.68 0.01 4.3 0.32 4.8 0.32  

Whitfield 1.03 185.8 9.35 171.7 10.80 0.70 0.03 6.8 0.80 3.5 0.62  
Wilcox 4.07 249.7 7.47 236.4 8.17 0.77 0.02 4.6 0.37 4.2 0.34  
Wilkes 4.59 214.3 4.92 190.8 6.45 0.69 0.02 7.1 0.31 5.3 0.33  
Other 

Counties
1 

1.43 243.6 11.65 201.2 10.98 0.65 0.02 7.3 0.68 6.6 0.64 
 

1
Combined counties with n<10 from 2007-2010.  
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Table 7. Spearman correlation coefficients between ADG, placing, 

weight, and age, 2007-2010 

 Placing 

(P-value)  

Weight 

(P-value) 

Age  

(P-value) 

ADG  

(P-value) 

-0.07 

(0.0034) 

.11 

(<0.0001) 

-0.89 

(<0.0001) 

Placing 

     (P-value) 

 0.10 

(<0.0001) 

0.09 

(0.0002) 

Weight  

(P-value) 

 

 

 0.10 

(<0.0001) 

 

 

 

 

 

 

 

 

 

 

 

Table 6. A detailed look at each ADG and placing rank within each class, 2007-2010 

 

Rank 

ADG Rank Placing Rank 

ADG, kg Mean Placing ADG, kg  Mean ADG 

Rank 

1 0.82 6.31 0.65 6.02 

2 0.75 6.37 0.65 5.96 

3 0.72 5.89 0.65 6.21 

4 0.69 6.45 0.65 6.21 

5 0.66 6.16 0.64 6.51 

6 0.64 5.92 0.65 6.33 

7 0.62 6.14 0.64 6.32 

8 0.59 6.22 0.64 6.10 

9 0.57 6.07 0.64 6.24 

10 0.55 5.75 0.65 5.75 

11 0.53 5.82 0.66 6.06 

12 0.52 6.72 0.68 5.52 

13 0.50 7.04 0.63 6.72 

>13 0.49 8.50 0.60 8.50 
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Table 8. Spearman correlation coefficients between ADG, placing, weight, age, wither height, 

hip height, hip width, jaw width, switch clearance, 2010 GJNLS
1
 

 Placing 

 

Wt 

 

Age 

 

Wither 

Ht 

 

Hip Ht 

 

Hip 

W 

 

Jaw 

W 

 

Switch  

CLR 

 

ADG  

(P-value) 

-0.02 

(0.76) 

0.14 

(0.03) 

-0.87 

(<0.01) 

-0.15 

(0.02) 

-0.05 

(0.42) 

0.04 

(0.56) 

0.08 

(0.22) 

0.23 

(<0.01) 

Placing 

(P-value) 

 0.11 

(0.10) 

0.04 

(0.55) 

0.42 

(<0.01) 

0.32 

(<0.01) 

0.08 

(0.22) 

-0.14 

(0.04) 

0.17 

(0.01) 

Wt 

(P-value) 

  0.09 

(0.17) 

0.27 

(<0.01) 

0.26 

(<0.01) 

0.20 

(<0.01) 

0.03 

(0.65) 

-0.02 

(0.82) 

Age 

(P-value) 

   0.22 

(<0.01) 

0.07 

(0.31) 

0.02 

(0.72) 

0.00 

(0.96) 

 

-0.27 

(<0.01) 

Wither 

Height 

(P-value) 

    0.65 

(<0.01) 

0.30 

(<0.01) 

-0.04 

(0.56) 

0.17 

(0.01) 

Hip 

Height 

(P-value) 

     0.34 

(<0.01) 

-0.10 

(0.15) 

0.26 

(<0.01) 

Hip 

Width 

(P-value) 

      0.14 

(0.04) 

0.04 

(0.53) 

Jaw 

Width 

(P-value) 

   

 

    -0.04 

(0.61) 

1
Georgia Junior National Livestock Show, Perry, Georgia. 
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Table 9. Composition of Holstein heifers below or exceeding the Pennsylvania State 

Holstein Growth Spreadsheet weight guidelines 

Show # observations # of underweight 

heifers
1 

 

% of 

total 

# of 

adequate 

weight 

heifers
1 

% of 

total 

 

2007 UGA
2 

186 103 55 83 45 

2007 Perry
3 

216 143 66 73 34 

2008 UGA 184 116 63 68 37 

2008 Perry 207 134 65 73 35 

2009 UGA 152 83 55 69 45 

2009 Perry 202 131 65 71 35 

2010 UGA 142 99 70 43 30 

2010 Perry 200 142 71 58 29 

Totals 1489 951  538  

Averages 186.12 118.88 63.75 67.25 36.25 
1
Based on guidelines in Pennsylvania State Growth Spreadsheet, Pennsylvania State 

University.  
2
 University of Georgia Commercial Dairy Heifer Show, Athens, Georgia. 

3 
Georgia Junior National Livestock Show, Perry, Georgia. 
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Table 10. The Pennsylvania State Holstein Growth Spreadsheet: a view of each county’s 

performance   

County # of 

Observations 

# of heifers 

underweight 

% of total # of 

adequate 

weight 

heifers 

% of total 

Burke 29 20 68.97 9 31.03 

Chattooga 41 36 87.80 5 12.20 

Coweta 83 59 71.08 24 28.92 

Dade 16 13 81.25 3 18.75 

Dawson 13 12 92.31 1 7.69 

Elbert 95 64 67.37 31 32.63 

Greene 62 52 83.87 10 16.13 

Houston 96 66 68.75 30 31.25 

Jones 91 54 59.34 37 40.66 

Lee 112 81 72.32 31 27.68 

Macon 22 21 95.45 1 4.55 

Madison 15 9 60.00 6 40.00 

Morgan 131 71 54.20 60 45.80 

Murray 14 5 35.71 9 64.29 

Oconee 136 96 70.59 40 29.41 

Oglethorpe 79 37 46.84 42 53.16 

Peach 16 13 81.25 3 18.75 

Perry 58 54 93.10 4 6.90 

Putnam 102 48 47.06 54 52.94 

White 77 42 54.55 35 45.45 

Whitfield 15 6 40.00 9 60.00 

Wilcox 71 24 33.80 47 66.20 

Wilkes 80 46 57.50 34 42.50 

Other
1 

35 22 62.86 13 37.14 
1
 Counties with n<10 total observations, 2007-2010.  
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Table 11. Differences in suggested weight from actual weight from the Pennsylvania 

State Holstein Growth Spreadsheet 

 Underweight 

(Actual Weight-Suggested Weight) 

Adequate Weight 

(Actual Weight- Suggested Weight) 

Show < -50.00 

kg 

-25.01 to     

-50.00 kg 

< 0 to          

-25.00 kg 

0 to 

25.00 kg 

25.01 to 

50.00 kg 

> 50.00 kg 

(%) 

2007 UGA
 

3.23 % 19.35 % 32.80 % 26.34 % 12.37 % 5.91 % 

2007 Perry
 

9.72 % 22.69 % 33.80 % 18.52 % 11.11 % 4.17 % 

2008 UGA 18.48 % 16.85 % 27.71 % 23.37 % 9.78 % 3.80 % 

2008 Perry 16.43 % 19.81 % 28.50 % 24.64 % 5.80 % 4.83 % 

2009 UGA 11.18 % 19.08 % 24.34 % 25.00 % 12.50 % 7.90 % 

2009 Perry 17.33 % 21.29 % 26.24 % 21.29 % 7.92 % 5.94 % 

2010 UGA 19.01 % 26.76 % 23.94 % 15.49 % 9.86 % 4.92 % 

2010 Perry 19.50 % 29.50 % 22.00 % 19.50 % 5.00 % 4.50 % 
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Figure 2. Custom designed heifer width measurement device, University of Georgia Instrument Shop 
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