
 
 

© STM Journals 2025. All Rights Reserved 19  
 

ISSN: 2319-3441 (Online) 

ISSN: 2349-3690 (Print) 

Volume 14, Issue 1, 2025 

January-April  

DOI (Journal): 10.37591/RRJoVST STM JOURNALS

Research & Reviews: Journal of  

Veterinary Science and Technology 
 

https://journals.stmjournals.com/rrjovst 

Review RRJoVST 
 

Weaning Age Shaping Puberty in Heifer: Insights from 
Nutritional, Physiological, Hormonal, and Environmental 
Perspectives 
 
Emran Hossain1, Minara Begum Munni1, Shilpi Islam2,* 

 

Abstract 

The onset of puberty in dairy heifers is a critical determinant of their reproductive performance and 

overall productivity. This study reviews the influence of weaning age on the timing and quality of 

puberty, synthesizing insights from nutritional, physiological, hormonal, and environmental 

perspectives. Early or late weaning can significantly impact heifer development, influencing body 

weight, fat deposition, and metabolic health. Nutrition plays a vital role in shaping growth rates and 

reproductive readiness, with optimal nutrient intake during key growth phases facilitating earlier 

puberty. Physiologically, weaning age can affect hormonal profiles, particularly levels of insulin, 

leptin, and growth hormone, which are crucial for the initiation of reproductive processes. 

Furthermore, environmental factors, including housing conditions, temperature, and social 

interactions, also modulate stress responses that may delay or advance puberty. Understanding the 

multifaceted relationships between weaning age and puberty can inform management strategies 

aimed at optimizing heifer development, ultimately enhancing dairy farm productivity and 

sustainability. This review underscores the necessity for integrated approaches that consider the 

interplay of various factors in establishing best practices for heifer management. 
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INTRODUCTION 

Dairy heifers are young female cattle that have not yet borne a calf, and their development is critical 
for ensuring optimal milk production in later stages of life. Various physiological, nutritional, and 
environmental factors play significant roles in their growth and maturation, directly influencing 

reproductive performance. During preweaning and 
postweaning phases, heifers undergo essential 
developmental milestones, with adequate nutrition, 
effective management practices, and supportive 
environmental conditions being fundamental for 
achieving healthy growth, optimal body condition, 
and reproductive readiness [1]. 
 

Weaning represents a pivotal transition in a 
dairy heifer’s life, as it marks the shift from 
reliance on maternal milk to solid feed. The timing 
of this transition significantly affects the heifer’s 
growth trajectory and subsequent reproductive 
performance [2]. Earlier weaning has been 
associated with enhanced feed efficiency and 
faster growth, while delayed weaning may offer 
prolonged maternal bonding and nutritional 
benefits [3]. Determining the optimal weaning age 
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requires balancing factors, such as management practices, market demands, and individual 
developmental needs to enhance dairy herd efficiency and productivity. 
 

This review investigates the impact of weaning age on the onset of puberty in dairy heifers, 

examining nutritional, physiological, hormonal, and environmental perspectives. The study adopts an 

integrative approach, exploring the complex interplay between weaning practices and reproductive 

development. By synthesizing existing research, it aims to provide actionable insights for optimizing 

management strategies that improve heifer maturation and reproductive efficiency. This framework is 

expected to support dairy producers in enhancing herd productivity while addressing sustainability 

challenges in modern farming. 

 

WEANING AGE IN DAIRY HEIFERS 

Weaning age refers to the specific time in a dairy heifer’s life when it transitions from a diet 

primarily composed of maternal milk to a solid feed regimen [4, 5]. This transition marks a critical 

point in the heifer’s development, as it signifies the end of its dependence on maternal nutrition and 

begins its journey toward reproductive maturity. While there is no universally accepted definition for 

the ideal weaning age, it typically occurs between 6 and 12 weeks of age, depending on various 

factors, including the breed, management practices, and the specific goals of the dairy operation. 

 

The definition of the weaning age is further complicated by the recognition that the physiological 

readiness of the heifer, rather than simply chronological age, should guide the weaning process. 

Factors such as, the heifer’s body weight, health status, and ability to consume and digest solid feed 

should be considered. It is also essential to recognize that the weaning process may involve gradual 

reduction in maternal milk intake, known as “soft weaning,” rather than a sudden cessation [6]. This 

approach can help mitigate stress and support the heifer’s adaptation to solid food. 

 

Current Practices and Trends 

In recent years, there has been a shift in weaning practices influenced by advances in animal 

nutrition and welfare considerations. Traditional practices often adhered to a fixed age for weaning, 

but modern dairy management emphasizes flexibility based on individual heifer needs. The 

implementation of a more tailored approach considers factors, such as growth rates, feed availability, 

and health status, leading to more optimized weaning outcomes. 

 

Current trends include the adoption of “early weaning” strategies, which involve weaning heifers as 

early as 6–8 weeks of age [7]. This practice aims to improve feed efficiency and growth rates while 

also facilitating better management of the cow-calf relationship. The early weaning approach is 

supported by research demonstrating that heifers weaned at an earlier age can achieve similar or 

improved reproductive performance compared to those weaned later. 

 

Furthermore, innovations in feeding strategies and technologies have enabled producers to provide 

high-quality solid foods that support the nutritional needs of weaning heifers. The use of nutritionally 

balanced rations that include concentrates, forage, and supplements tailored to the specific growth 

stage of the heifer is becoming increasingly common. 

 

Factors Influencing Weaning Age Decisions 

Several factors influence the decision regarding the appropriate age at which to wean dairy heifers. 

These include economic considerations, management objectives, and individual animal factors. 

1. Economic Considerations: Producers often evaluate the cost-effectiveness of different weaning 

ages. Early weaning may reduce the costs associated with feed and care for the dam, thereby 

improving overall profitability [8]. Conversely, delaying weaning may yield higher initial 

weights and better body condition scores for heifers, which can be advantageous in the long 

run. 
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2. Management Objectives: The specific goals of the dairy operation play a crucial role in 

determining weaning age. For operations focused on maximizing milk production, earlier 

weaning may be preferred to promote faster heifer growth and reproductive readiness [9]. In 

contrast, operations prioritizing animal welfare may opt for later weaning to allow for more 

extended maternal bonding and nutrient transfer. 

3. Individual Animal Factors: Each heifer’s unique growth rate, health status, and feed intake 

capabilities must also be considered. Some heifers may naturally wean themselves earlier, 

while others may require a more gradual transition [10]. Monitoring growth rates and feeding 

behaviors can help producers make informed decisions about optimal weaning times. 

 

By understanding these factors and adapting weaning practices accordingly, dairy producers can 

better manage the growth and development of their heifers, ultimately improving the productivity of 

their herds. 

 

NUTRITIONAL PERSPECTIVES 

Nutritional Requirements During Preweaning and Postweaning Periods 

The nutritional requirements of dairy heifers are critical during both the preweaning and 
postweaning periods. During the preweaning phase, heifers primarily rely on maternal milk, which 

provides essential nutrients, antibodies, and energy necessary for growth [11]. Colostrum, the first 

milk produced by the dam, is particularly crucial, as it is rich in immunoglobulins and provides 
passive immunity to the calf. 

 
After weaning, the nutritional needs shift dramatically. Heifers must transition to a solid feed diet 

that provides adequate energy, protein, vitamins, and minerals for optimal growth and development 
[12]. Research indicates that heifers require a balanced diet consisting of 16–18% crude protein and 

sufficient energy to achieve an average daily gain of about 1.5–2.0 pounds. This nutritional focus is 
essential for promoting body condition and preparing the heifers for the rigors of reproduction. 

 
Impact of Different Feeding Strategies on Growth and Development 

Feeding strategies during the preweaning and postweaning phases significantly influence heifer 
growth and development. Various approaches, such as group versus individual feeding, the type of 

feed offered, and the timing of feed changes, can affect nutrient intake and subsequent growth rates. 
 

For instance, offering high-quality starter feeds that are palatable and easily digestible can 
encourage early solid feed intake, leading to improved growth rates [13]. Conversely, suboptimal 

feeding strategies can result in delayed growth and inadequate body condition, negatively impacting 
the onset of puberty [14]. Studies have shown that heifers fed high-quality forages and concentrate 

from an early age enhanced growth rates compared to those receiving lower-quality feed. 

 
Additionally, incorporating feeding strategies, such as “meal feeding” or “ad libitum feeding” can 

also affect growth. Meal feeding involves providing feed in specific quantities at scheduled times, 
which can help regulate intake and optimize nutrient absorption. In contrast, ad libitum feeding allows 

heifers to eat freely, which may encourage higher overall intake but can lead to overeating and 
digestive disturbances if not managed carefully [15]. 

 
Role of Diet Composition on Age at Weaning and Subsequent Puberty 

The composition of the diet during the postweaning period can profoundly influence the timing of 
puberty in dairy heifers. A diet rich in energy, protein, and essential nutrients is necessary for 

promoting proper growth and development, ultimately affecting the reproductive performance of 
heifers. 

 

For instance, diets high in energy content can promote faster growth rates and body condition score, 

which are closely linked to the onset of puberty. Research indicates that heifers that reach a critical 
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body weight or body condition score by a specific age are more likely to experience earlier puberty 

[16]. Therefore, nutritional strategies must be tailored to ensure that heifers achieve these benchmarks, 

which often involve adjusting feed compositions to meet their specific needs. 
 
Nutritional Deficiencies and Their Consequences on Reproductive Development 

Nutritional deficiencies during the preweaning and postweaning periods can have dire 
consequences for the reproductive development of dairy heifers. Deficiencies in essential nutrients, 
such as energy, protein, vitamins, and minerals, can impair growth rates, lead to poor body condition, 
and delay the onset of puberty. 
 

For example, a deficiency in energy or protein can result in stunted growth and inadequate body 
weight gain, both of which are critical for timely puberty. Similarly, deficiencies in specific vitamins 
and minerals, such as vitamin A, zinc, and selenium, have been linked to reproductive issues, 
including delayed estrus and decreased fertility rates [17, 18]. 
 

Consequently, it is imperative for dairy producers to monitor the nutritional status of heifers closely 
and implement corrective measures as needed. Regular evaluations of feed composition, growth rates, 
and overall health can help identify potential deficiencies and allow for timely interventions, ensuring 
that heifers are adequately prepared for reproductive challenges. 
 
PHYSIOLOGICAL PERSPECTIVES 
Developmental Milestones in Heifer Growth and Reproductive System 

The growth and development of dairy heifers involve various physiological milestones that are 
crucial for reproductive readiness. During the first few months of life, heifers experience rapid 
growth, primarily driven by the intake of maternal milk. This early growth phase is critical for 
developing a robust skeletal structure and overall body condition, which will influence future 
reproductive performance [19]. 
 

As heifers transition from milk to solid feed, several physiological changes occur. The rumen, 
which is a critical component of the digestive system, undergoes significant development during the 
post-weaning period. This development is essential for efficient nutrient absorption and overall 
growth [20, 21]. The timing of weaning can directly impact the rate of rumen development, with 
earlier weaning potentially leading to challenges in adapting to solid feed. 
 

In terms of reproductive development, the onset of puberty is marked by significant changes in the 
ovarian and hormonal systems. The ovaries begin to mature, and the production of reproductive 
hormones, such as estrogen and progesterone, increases [22]. Understanding these physiological 
milestones is essential for producers to optimize heifer management strategies and improve 
reproductive outcomes. 
 
Influence of Weaning Age on Body Weight and Condition Score 

Weaning age significantly influences body weight and condition score, both of which are critical 
factors in determining the timing of puberty. Heifers, weaned at a younger age, may initially 
experience a setback in growth due to the stress of the transition and the need to adapt to solid food. 
However, research indicates that if managed correctly, these heifers can catch up in growth and reach 
appropriate body condition scores. 
 

Conversely, heifers that are weaned later may have better initial body condition due to continued 
access to maternal milk, which can lead to higher body weights at weaning [23, 24]. However, delays 
in weaning can also postpone the onset of puberty, as the heifers may take longer to transition to solid 
feed and achieve the necessary weight and condition for reproductive readiness. 

 

The relationship between weaning age, body weight, and condition score underscores the 

importance of monitoring growth patterns and making informed decisions regarding weaning 
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practices. By understanding these dynamics, dairy producers can tailor their management strategies to 

optimize heifer growth and reproductive performance. 

 

Effects of Stress During Weaning on Physiological Development 

The weaning process can be a significant source of stress for dairy heifers, which can adversely 

affect their physiological development and growth. Stress responses can lead to the release of cortisol 

and other stress hormones, which can impede growth rates, suppress immune function, and delay the 

onset of puberty [25]. 

 

Factors contributing to stress during weaning include changes in diet, separation from the dam, and 

adjustments to new social environments [26]. Implementing strategies to reduce stress during this 

critical transition period is vital for promoting healthy development. 

 

Management practices, such as gradual weaning, providing familiar feeding environments, and 

ensuring social stability can help mitigate stress responses in heifers. Reducing stress during the 

weaning process not only supports physiological development but also enhances overall welfare, 

which is increasingly recognized as essential in modern dairy management. 

 

Relationships Between Growth Rate, Body Composition, and Puberty Onset 

The interplay between growth rate, body composition, and the timing of puberty is well-

documented in dairy heifers. Research indicates that heifers reaching specific growth benchmarks, 

such as achieving 60–65% of their mature body weight by a designated age, are more likely to 

experience earlier onset of puberty [22]. 

 

Body composition, particularly fat stores and skeletal development, plays a pivotal role in signaling 

the onset of puberty. Adequate body fat is necessary to produce reproductive hormones, and 

insufficient body condition can lead to delayed reproductive readiness [27, 28]. Thus, dairy producers 

must carefully manage the growth rates of heifers through targeted nutritional strategies, ensuring that 

they reach appropriate body weights and condition scores at the right developmental stages. 

 

In summary, understanding the physiological perspectives of heifer growth and development, 

particularly in relation to weaning age, is essential for optimizing reproductive performance. By 

recognizing the key developmental milestones and managing the factors that influence growth and 

condition, dairy producers can make informed decisions that promote the overall health and 

productivity of their herds. 

 

HORMONAL PERSPECTIVES 

Hormonal Changes During the Transition from Preweaning to Postweaning 

The transition from preweaning to postweaning is accompanied by significant hormonal changes in 

dairy heifers. During the preweaning phase, the primary hormones involved are related to growth and 

development, primarily influenced by maternal milk intake. As heifers begin to consume solid feeds 

and undergo the weaning process, there is a shift in hormonal profiles, which is critical for initiating 

reproductive development [29]. 

 

Estrogen, progesterone, and gonadotropin-releasing hormone (GnRH) play essential roles in 

regulating the onset of puberty. Following weaning, the hypothalamus begins to mature, leading to 

increased secretion of GnRH, which stimulates the pituitary gland to produce follicle-stimulating 

hormone (FSH) and luteinizing hormone (LH) [30]. These hormones are crucial for ovarian function 

and the development of secondary sexual characteristics. 

 

Understanding these hormonal changes is vital for dairy producers aiming to optimize the timing of 

puberty and subsequent reproductive performance. It is essential to ensure that heifers receive 
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adequate nutrition and management during this critical period to support hormonal balance and 

reproductive readiness. 

 

The Role of Nutrition in Modulating Hormonal Responses 

Nutrition plays a crucial role in modulating hormonal responses during the transition from 

preweaning to postweaning. Adequate nutrient intake is necessary for supporting the hormonal 

changes that occur as heifers mature [31]. Specifically, energy and protein intake are vital for 

promoting the secretion of growth hormones and reproductive hormones. 

 

Research has demonstrated that heifers fed diets rich in energy and protein exhibit earlier onset of 

puberty compared to those receiving suboptimal nutrition [32]. High-quality diets can support the 

development of fat stores necessary to produce estrogen, a hormone critical for the initiation of 

reproductive cycles [33]. 

 

Moreover, the balance of essential vitamins and minerals, such as zinc and selenium, can influence 

hormone metabolism and reproductive health [34]. Dairy producers must be aware of the nutritional 

needs of heifers and implement strategies to ensure that they receive a balanced diet, particularly 

during the critical postweaning period. 

 

Impact of Weaning Age on Reproductive Hormone Profiles 

The age at which heifers are weaned can have a profound impact on their reproductive hormone 

profiles. Early weaning has been associated with alterations in the timing and levels of reproductive 

hormones, including estrogen and progesterone. Studies have shown that heifers weaned at younger 

ages often exhibit earlier peaks in hormone levels, leading to timelier onset of puberty [14]. 

 

Conversely, delayed weaning may result in prolonged exposure to maternal influences, which can 

affect hormone secretion patterns. Heifers weaned later may take longer to achieve the hormonal 

changes necessary for reproductive readiness, potentially delaying puberty and subsequent 

reproductive performance [35]. 

 

Understanding the relationship between weaning age and hormonal profiles is essential for dairy 

producers. By optimizing weaning practices and monitoring hormonal changes, producers can 

enhance reproductive outcomes and improve overall herd fertility. 

 

Correlation Between Hormonal Fluctuations and Timing of Puberty 

The correlation between hormonal fluctuations and the timing of puberty is well established in 

dairy heifers. The onset of puberty is characterized by specific changes in hormone levels, particularly 

the increases in GnRH, LH, and FSH. These hormones are critical for initiating the ovarian cycle and 

facilitating the development of ovarian follicles  [36]. 

 

Research has shown that heifers with higher circulating levels of reproductive hormones at a 

younger age are more likely to experience earlier puberty. Factors influencing hormonal fluctuations 

include nutrition, growth rates, body composition, and environmental conditions [37]. Producers 

should monitor these factors to ensure that heifers achieve the necessary hormonal profiles conducive 

to timely puberty. By implementing targeted management strategies, including appropriate nutrition 

and weaning practices, dairy producers can optimize the timing of puberty and enhance overall 

reproductive performance. 

 

ENVIRONMENTAL PERSPECTIVES 

Environmental Stressors and Their Effects on Heifer Development 

Environmental stressors play a significant role in the growth and development of dairy heifers, 

particularly during the critical weaning phase. Stressors, such as temperature extremes, humidity, and 
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housing conditions can negatively impact heifers’ health and growth rates [38]. 

 

Heat stress can lead to decreased feed intake and impaired growth, which may delay puberty onset. 

Research has demonstrated that heifers exposed to high temperatures exhibit alterations in hormonal 

profiles and reduced growth rates, potentially resulting in delayed reproductive readiness [39]. 

 

Furthermore, social stressors, such as changes in group dynamics during weaning, can also impact 

heifer development. The introduction of new animals or changes in the social hierarchy can lead to 

increased competition for resources and heightened stress levels. Minimizing environmental stressors 

is essential for promoting healthy development and optimizing the timing of puberty in dairy heifers. 

 

The Influence of Housing, Management Practices, and Social Dynamics on Puberty 

Housing and management practices are critical components of heifer development that can 

influence the timing of puberty. Adequate housing that provides cort, ventilation, and space for 
movement is essential for promoting growth and reducing stress [40, 41]. 

 
Group housing systems allow heifers to socialize and engage in natural behaviors, which can 

enhance their overall well-being. However, overcrowding or inadequate space can lead to competition 

for resources, increased stress levels, and impaired growth. 
 

Management practices, such as proper feeding strategies and regular health assessments, also play a 
crucial role in heifer development [41]. Implementing effective health management protocols can 

minimize the risk of disease and ensure that heifers are receiving optimal nutrition. 
 

Understanding the influence of housing, management practices, and social dynamics is essential for 
dairy producers aiming to optimize heifer development and reproductive performance. By creating an 

environment conducive to growth and well-being, producers can enhance the likelihood of timely 
puberty and overall herd productivity. 

 
Seasonal Variations and Their Impact on Growth and Reproductive Timing 

Seasonal variations can significantly impact the growth rates and reproductive timing of dairy 
heifers. Factors, such as temperature, photoperiod, and feed availability can all influence heifer 

development. During the warmer months, heat stress can lead to decreased feed intake and slower 
growth rates, potentially delaying the onset of puberty [42]. Conversely, cooler months may promote 

higher feed intake and improved growth rates, allowing heifers to reach reproductive readiness 

sooner. 
 

Photoperiod also plays a role in reproductive timing. Heifers exposed to longer daylight hours may 
experience earlier onset of puberty due to increased stimulation of the reproductive endocrine system 

[43]. Dairy producers should consider seasonal variations when planning breeding programs and 
management strategies for heifers. By optimizing environmental conditions and managing feed 

availability throughout the year, producers can support healthy growth and enhance reproductive 
performance. 

 
Strategies for Optimizing Environmental Conditions to Support Healthy Development 

To support the healthy development of dairy heifers, producers can implement various strategies 
aimed at optimizing environmental conditions. Providing adequate housing with appropriate 

ventilation, temperature control, and space for movement is essential for minimizing stress and 
promoting growth [44]. 

 

Additionally, implementing effective feeding strategies that account for seasonal variations in feed 

availability can help ensure that heifers receive adequate nutrition throughout the year. This may 

include the use of high-quality forages, concentrations, and supplements tailored to the specific needs 
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of heifers. 

 

Regular health monitoring and management practices can also contribute to optimal heifer 

development. By identifying and addressing health issues promptly, producers can reduce the risk of 

disease and support healthy growth [45]. 

 

In summary, understanding the environmental perspectives influencing dairy heifer development is 

essential for optimizing reproductive performance. By implementing targeted strategies to minimize 

stress and support healthy growth, dairy producers can enhance the timing of puberty and overall herd 

productivity. 

 

INTEGRATIVE APPROACHES 

Interaction of Nutritional, Physiological, Hormonal, and Environmental Factors 

The development of dairy heifers is a complex process influenced by the interaction of various 

nutritional, physiological, hormonal, and environmental factors. These components do not operate in 

isolation; instead, they are interrelated and collectively impact the growth and reproductive readiness 

of heifers. 

 

Nutritional factors, such as the composition of the diet and the timing of feed changes, can 
influence physiological development and hormonal responses. For example, diets high in energy and 

protein can support optimal growth rates, leading to timely hormonal changes that promote early onset 
of puberty [32]. 

 
Physiological factors, such as growth rates and body composition, are also critical in determining 

hormonal profiles and reproductive readiness. Adequate body condition is necessary to produce 
reproductive hormones, while suboptimal growth can lead to delays in puberty. 

 
Environmental factors, including housing conditions and social dynamics, further complicate this 

interplay. Stressors, such as heat, overcrowding, or social instability can hinder growth and disrupt 

hormonal balance, affecting the overall developmental trajectory of heifers [46]. 
 

Understanding the integrative nature of these factors is essential for dairy producers aiming to 
optimize heifer management strategies. By taking a holistic approach that considers the interactions 

between nutrition, physiology, hormones, and environmental conditions, producers can enhance 
reproductive performance and improve overall herd productivity. 

 
Case Studies Highlighting Successful Strategies in Heifer Management 

Examining case studies of successful heifer management strategies can provide valuable insights 
for dairy producers. For instance, a study conducted on a commercial dairy farm demonstrated the 

benefits of implementing a comprehensive nutrition and management program for heifers. In this 
case, heifers were provided with a high-quality diet designed to meet their specific growth and 

reproductive needs. Additionally, the farm implemented a gradual weaning process that minimized 
stress and allowed for a smoother transition to solid feed. As a result, the heifers reached targeted 

growth benchmarks earlier, leading to an accelerated onset of puberty and improved reproductive 
performance. 

 

Another case study highlighted the positive impact of optimizing housing conditions on heifer 
development. A farm that upgraded its housing facilities to provide more space and better ventilation 

reported significant improvements in growth rates and overall health. By reducing environmental 
stressors, the farm was able to enhance the timing of puberty and increase the overall productivity of 

its heifers [47]. These case studies underscore the importance of adopting comprehensive 
management strategies that consider the interactions between nutritional, physiological, hormonal, 

and environmental factors. By learning from successful examples, dairy producers can implement 
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evidence-based practices that promote optimal heifer development and reproductive performance. 

 
Importance of a Holistic Approach in Optimizing Age at Puberty 

Taking a holistic approach to heifer management is critical for optimizing the age at puberty and 
overall reproductive performance. A comprehensive strategy that integrates nutritional, physiological, 
hormonal, and environmental considerations can lead to improved outcomes for heifers and the entire 
dairy herd [48]. 
 

Producers should focus on developing individualized management plans that account for the unique 
needs of each heifer. This may involve tailoring nutrition, monitoring growth and body condition, and 
addressing environmental stressors in a proactive manner. 
 

Regular assessments and data collection can provide valuable insights into heifer development, 
allowing producers to make informed decisions that enhance reproductive readiness. Furthermore, 
collaboration with veterinary and nutrition experts can help ensure that management practices align 
with the latest research and best practices in the field [49]. 
 

In summary, embracing a holistic approach in heifer management is essential for optimizing the 
timing of puberty and supporting overall herd productivity. By considering the interactions between 
various factors and implementing evidence-based strategies, dairy producers can enhance 
reproductive performance and improve the sustainability of their operations. 
 
IMPLICATIONS FOR DAIRY PRODUCTION 

Economic Considerations of Weaning Age and Puberty Timing 
The timing of weaning and the onset of puberty in dairy heifers have significant economic 

implications for dairy producers. Heifers that reach puberty earlier tend to enter the breeding herd 
sooner, allowing for increased milk production and improved overall herd fertility [50, 51]. Delays in 
weaning age or puberty can lead to extended rearing periods, increased feed costs, and reduced overall 
profitability [41]. By optimizing weaning practices and promoting timely puberty, producers can 
enhance the efficiency of their operations and improve the economic sustainability of their dairy 
farms. 
 

Additionally, early maturing heifers are more likely to have successful pregnancies and produce 
higher lifetime milk yields [52]. Therefore, investing in strategies that promote optimal weaning and 
puberty timing can yield substantial economic returns for dairy producers. 
 
Impact on Overall Herd Fertility and Productivity 

The relationship between heifer management practices and overall herd fertility and productivity is 
well established. By optimizing the age at puberty and ensuring timely breeding, producers can 
enhance herd fertility rates and reduce calving intervals. 
 

Healthy, well-managed heifers are more likely to conceive successfully and have fewer 
reproductive challenges, contributing to improved overall herd performance [50]. Furthermore, the 
long-term benefits of investing in heifer management extend beyond immediate productivity; they can 
positively influence herd genetics and longevity [53]. 

 
Producers should prioritize heifer development as a key component of their overall herd 

management strategies. By focusing on optimizing weaning practices, nutrition, and environmental 
conditions, dairy producers can enhance the reproductive performance of their herds and drive long-
term sustainability. 

 

Future Research Directions and Gaps in Current Knowledge 

Despite advancements in our understanding of heifer development, there remain gaps in current 

knowledge that warrant further research. Future studies should focus on exploring the interactions 
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between nutritional, physiological, hormonal, and environmental factors in greater depth, particularly 

in relation to emerging technologies in dairy management. 

 

Research on precision feeding, genetics, and advanced reproductive technologies can provide 
valuable insights into optimizing heifer development and reproductive performance. Additionally, 

studies examining the long-term effects of early weaning and puberty on lifetime productivity and 
health outcomes are needed to inform best practices in dairy management. 

 
Furthermore, addressing the impact of climate change on heifer development and reproductive 

performance is crucial. As environmental conditions continue to evolve, understanding how to adapt 
management practices to ensure the health and productivity of dairy heifers will be essential for the 

sustainability of the dairy industry. 
 

In conclusion, the implications of weaning age and puberty timing extend beyond individual heifer 
performance; they significantly influence the overall productivity and profitability of dairy operations. 

By prioritizing research and adopting best practices in heifer management, dairy producers can 
enhance reproductive performance and support the long-term sustainability of their farms. 

 

Limitations 

The scope of the review is primarily based on existing literature, which may not encompass all 

recent developments or emerging research in the field. This reliance on published studies can lead to 
potential biases, as not all relevant studies may be available or included, particularly those from less 

accessible journals or unpublished sources. Secondly, the complexity of interactions among 
nutritional, physiological, hormonal, and environmental factors can make it challenging to draw 

definitive conclusions, as individual variability among heifers and farm management practices may 
influence outcomes. Additionally, the review may not adequately address the long-term effects of 

different weaning ages on subsequent reproductive performance and overall herd health, as 
longitudinal studies in this area are often limited. Furthermore, regional differences in dairy 

management practices, climatic conditions, and breed-specific characteristics may restrict the 
applicability of the findings across diverse agricultural contexts. Lastly, the dynamic nature of 

agricultural practices and advancements in technology means that recommendations made in this 
study may require ongoing adjustments to remain relevant as new evidence emerges. 

 
Future Directions 

Future research directions for the study of weaning age and its impact on the onset of puberty in 

dairy heifers should focus on several key areas to enhance our understanding and improve 
management practices. Firstly, longitudinal studies are essential to assess the long-term effects of 

varying weaning ages on reproductive performance, lifetime productivity, and overall health of dairy 
heifers. These studies could provide valuable insights into how early weaning may influence not just 

immediate growth and puberty but also subsequent fertility and milk production throughout a heifer’s 
lifecycle. 

 
Secondly, investigations into the genetic factors that may influence the response of heifers to 

different weaning ages could help identify specific traits associated with improved reproductive 
outcomes. This could include genomic studies aimed at uncovering markers linked to growth rates, 

hormone levels, and overall reproductive health. Thirdly, exploring innovative nutritional strategies 
tailored to the specific needs of heifers during the preweaning and postweaning periods can optimize 

growth and development. Research into precision feeding techniques, which utilize data analytics and 
technology to customize diets for individual heifers based on their growth patterns and nutritional 

requirements, may prove beneficial. 

 

Additionally, studies that examine the impact of various environmental stressors – such as heat 

stress, housing conditions, and social dynamics – on the physiological and hormonal responses of 
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heifers could lead to the development of best practices that mitigate stress and enhance development. 

Finally, integrating the use of advanced reproductive technologies, such as artificial insemination and 

estrus synchronization protocols, with optimized weaning strategies, may further improve the timing 

of puberty and enhance overall herd fertility. By addressing these areas, future research can contribute 

to a more comprehensive understanding of dairy heifer development and support the implementation 

of effective management practices in the dairy industry. 

 

CONCLUSIONS 

This study has several limitations that should be acknowledged. Firstly, the scope of the review is 

primarily based on existing literature, which may not encompass all recent developments or emerging 

research in the field. This reliance on published studies can lead to potential biases, as not all relevant 

studies may be available or included, particularly those from less accessible journals or unpublished 

sources. Secondly, the complexity of interactions among nutritional, physiological, hormonal, and 

environmental factors can make it challenging to draw definitive conclusions, as individual variability 

among heifers and farm management practices may influence outcomes. Additionally, the review may 

not adequately address the long-term effects of different weaning ages on subsequent reproductive 

performance and overall herd health, as longitudinal studies in this area are often limited. 

Furthermore, regional differences in dairy management practices, climatic conditions, and breed-

specific characteristics may restrict the applicability of the findings across diverse agricultural 

contexts. Lastly, the dynamic nature of agricultural practices and advancements in technology means 

that recommendations made in this study may require ongoing adjustments to remain relevant as new 

evidence emerges. 
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