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Abstract 

Management practices during the rearing of dairy heifers should allow an adequate body 

growth and reproductive development to attain puberty several months before the first 

conception. Proposed target age and body weight (BW) at first calving for Holstein heifers 

are between 22-24 months and 82% of mature BW, respectively, for which heifers must 

conceive at around 15 months of age with 60% of their mature BW. Pre- and postweaning 

feeding level has effects on feed efficiency, behavior, energy metabolism and body and 

reproductive development, while social environment during rearing, specifically the social 

dominance and social regroupings, is known to affect energy metabolism, feeding behav-

ior and body and reproductive development of the heifer. In Uruguay, the information 

published regarding the management of the dairy heifer is scarce. The aim of this review 

is to briefly assess the main factors affecting the onset of puberty, and to present an inte-

grative approach of the information generated in Uruguay regarding the effects of modify-

ing the feeding level and social environment during the rearing period on body develop-

ment, metabolism, and onset of puberty in dairy heifers. In addition, we make a proposal 

of knowledge gaps that should be addressed in future studies. 

Keywords: puberty, hypothalamic-pituitary-ovarian axis, bodyweight gain, competence, 

social regrouping 

 

 

Manejo de vaquillonas lecheras en Uruguay: Efectos del nivel de alimentación y 
el ambiente social sobre el desarrollo prepuberal 

Resumen 

Las prácticas de manejo durante la crianza de las vaquillonas lecheras deben permitir un adecuado crecimiento corporal 
y un desarrollo reproductivo para alcanzar la pubertad varios meses antes de la primera concepción. La edad y el peso 
vivo (PV) objetivos al primer parto para las vaquillonas Holstein son entre 22 y 24 meses y con 82% de su PVadulto, 
respectivamente, por lo que deberían concebir alrededor de los 15 meses de edad con 60% de su PV adulto. El nivel de 

 Editor 

Mariana Carriquiry  
Universidad de la República, 
Montevideo, Uruguay 
 
 
Received 22 Jun 2023 
Accepted 20 Feb 2024 
Published 23 May 2024 

 

 Correspondence 

Carolina Fiol 
cfiolepera@gmail.com 

 
Alejandro Mendoza 
amendoza@inia.org.uy 

https://orcid.org/0000-0002-7467-1435
https://orcid.org/0000-0002-8517-6181
about:blank
https://orcid.org/0000-0002-1600-2591


 
Fiol C, Mendoza A 

 

2 Agrociencia Uruguay 2024;28(NE1):e1217 
 

alimentación antes y después del desleche tiene efectos sobre la eficiencia alimenticia, el comportamiento, el metabo-
lismo energético y el desarrollo corporal y reproductivo, mientras que el entorno social durante la crianza, específica-
mente la dominancia y los reagrupamientos sociales, afecta el metabolismo energético, el comportamiento alimentario y 
el desarrollo corporal y reproductivo de las vaquillonas. En Uruguay la información publicada respecto al manejo de la 
vaquillona lechera es escasa. El objetivo de esta revisión es analizar brevemente los principales factores que inciden en 
el inicio de la pubertad, y presentar un enfoque integrador de la información generada en Uruguay sobre los efectos de 
modificar el nivel de alimentación y el entorno social durante la crianza sobre el desarrollo corporal, el metabolismo y el 
inicio de la pubertad en vaquillonas lecheras. Además, hacemos una propuesta de áreas del conocimiento que deberían 
ser abordadas en futuros estudios. 

Palabras clave: pubertad, eje hipotálamo-hipófisis-ovario, ganancia de peso, competencia, reagrupamiento social 

 

Manejo de novilhas leiteiras no Uruguai: Efeitos no nível de alimentação e do 
ambiente social no desenvolvimento pré-puberal 

Resumo 

As práticas de manejo durante a recria de novilhas leiteiras devem permitir um adequado crescimento corporal e desen-

volvimento reprodutivo para atingir a puberdade vários meses antes da primeira concepção. A idade proposta e o peso 

corporal (PC) ao primeiro parto para novilhas Holstein estão entre 22-24 meses e 82% de seu PC adulto, respectiva-

mente, para o qual as novilhas devem conceber por volta dos 15 meses de idade com 60% de seu PC adulto. O nível 

de alimentação pré e pós-desleite tem efeitos sobre a eficiência alimentar, comportamento, metabolismo energético e 

desenvolvimento corporal e reprodutivo, enquanto o ambiente social durante a recria, especificamente a dominância 

social e os reagrupamentos sociais, são conhecidos por afetar o metabolismo energético, comportamento alimentar e 

corpo e desenvolvimento reprodutivo da novilha. No Uruguai, as informações publicadas sobre o manejo da novilha 

leiteira são escassas. O objetivo desta revisão é revisar brevemente os principais fatores que afetam o início da puber-

dade e apresentar uma abordagem integrativa da informação gerada no Uruguai sobre os efeitos da modificação do 

nível alimentar e do ambiente social durante o período de criação no desenvolvimento corporal, metabolismo, e início 

da pubertade em novilhas leiteiras. Além disso, fazemos uma proposta de lacunas de conhecimento que devem ser 

abordadas em estudos futuros. 

Palavraschave: pubertad, eixo hipotalâmico-hipofisário-ovariano, ganho de peso, competência, reagrupamento social

 
1. Introduction 

Replacement heifers in dairy systems represent the second cost after feeding of dairy cows and approximately 

13-25% of total farm expenses(1)(2). The raising period in heifers is extended from birth to first calving, and it is 

considered one of the most important periods in the life of a dairy cow. In the last two decades, many studies 

reported that an adequate heifer rearing can have short- and long-term effects on health, welfare, and produc-

tion(3). 

The target age at first calving and the body weight (BW) for Holstein cows are between 22 to 24 mo-old and 

82% of their mature BW (after calving), respectively, for which heifers must conceive at around 15 mo-old with 

60% of their mature BW(4). Achieving those goals ensure minimizing the non-productive periods and the cost 

of rearing in the dairy farm(5). For that purpose, management practices during heifers rearing should allow an 

adequate body growth and reproductive development. In this regard, puberty must be achieved several 

months before first breeding, to maximize heifer´s fertility at first conception (6). In addition, monitoring the body 

and skeletal development through different measurements —i.e. BW, average daily gains (ADG), withers 

height (WH), heart girth (HG), and body condition score (BCS)— during the rearing of the heifer is fundamental 

to achieve those targets(7). 
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Several factors are known to affect the body and reproductive development in dairy heifers. In this review, we 

will focus on two main factors: feeding level and social environment. An adequate feeding level in the pre- and 

post-weaning phases has been shown to increase growth rates, and decrease disease susceptibility and mor-

tality, with long-term effects such as an increased milk production(8). In turn, social environment in heifers 

reared in groups, and the effects of management practices on social structure of the group are known to affect 

the energy metabolism, feeding behavior and body and reproductive development (9)(10). Underlying mecha-

nisms involved in the differences in body and reproductive development according to feeding level and social 

environment have been linked to feed intake, feeding behavior and metabolic status of the heifers. 

In Uruguay, published information focusing on the management of the dairy heifer during the rearing period is 

scarce. The average age at weaning and first calving is 75 days (11) and 30 mo-old, respectively, while almost 

35% of heifers still calve with more than 30 mo-old(12). In particular, age at first calving is considerably higher 

than recommended targets. Little is known regarding the management of dairy heifers after weaning. A recent 

study surveyed the management carried out in 13 contract-rearing farms in Uruguay during 2018(13), which 

reared almost 12,500 heifers from 372 producers in 19,816 ha. Of the total area, 53% was occupied by range 

fields, and almost 30% by sown permanent grasslands and annual crops for grazing. On average, Holstein 

heifers entered the farm with 160 kg and left with 495 kg (approximately 2 months before calving), with an 

average stay of 23 months, which yields an ADG of 476 g/d during the stay. The ADG is 14% higher than that 

reported in a similar survey carried out 10 years earlier on the same set of contract-rearing farms(14), which, 

although it suggests a more refined management of feeding, is still insufficient to achieve the previously men-

tioned targets for heifer growth. 

The aim of this paper is to briefly review the main factors affecting the onset of puberty. Specifically, we will 

discuss the results of studies performed in Uruguay that evaluated the effects of feeding level during the pre- 

and post-weaning period, and social environment —social dominance and social regrouping— during the post 

weaning period on body development, metabolic status, and onset of puberty in dairy heifers.  

 

2. Puberty, body development and metabolic status in dairy heifers 

Optimum heifers rearing can be defined as the one that allows to maximize milk production at first lactation 

with an adequate age and minimum costs(5). As previously mentioned, it has been reported that heifers must 

conceive at 15 mo-old, for which the time of onset of puberty becomes a determining factor, especially in sea-

sonal calving systems. Puberty in females’ mammals is defined as the first ovulation accompanied with es-

trus(15). An early study demonstrated that pregnancy rates of heifers bred in the third estrus increased 21% 

compared to when heifers are bred in the puberal estrus(6); thus to maximize fertility it is important that heifers 

begin puberty several months before first service. 

At the ovarian level, female calves have growing follicles long before the onset of estrous activity (16). In 2-

week-old calves, there is already an increase in follicle-stimulating hormone (FSH) concentrations, which initi-

ates the emergence of the first waves of follicular development, with a behavior like that of an adult animal, but 

without the occurrence of ovulation(17). In the prepubertal stage, estradiol inhibits luteinizing hormone (LH) 

secretion due to the negative feedback it exerts at the hypothalamic-pituitary level, which causes the regres-

sion of the dominant follicle of the wave(18). 

Prior to the onset of puberty, both the amplitude and frequency of LH pulses from the pituitary gland increase, 

as the hypothalamic-pituitary axis becomes less sensitive to the negative feedback control of estradiol. This 

change in the regulation of LH secretion by estradiol begins approximately 50 d before puberty in heifers (18). 
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Ultimately, this increase in LH pulsatility stimulates follicular development and estradiol secretion, which trigger 

the preovulatory LH surge and subsequent ovulation of the dominant follicle(19). 

Dairy heifers are expected to reach puberty with a certain BW relative to mature BW (20)(21). For example, it has 

been suggested that heifers of dairy or dual-purpose breeds (e.g. Holstein, Jersey, Brown Swiss) reach puber-

ty at a younger age and at a lower BW relative to adult BW (around 55% of adult BW) compared to heifers of 

beef breeds (egg Angus, Hereford, Charolais) or Bos indicus (e.g. Brahman, Nellore), where puberty is 

reached when the animals achieve 60 or 65% of adult BW, respectively (22). Typically, puberty in heifers occurs 

at 11 months of age, but there is a considerable range in this trait, with dairy heifers attaining puberty as early 

as 8 months, and Bos indicus heifers attaining puberty at 24 months or more(16). 

However, the relationship between the time at which puberty is reached and the BW of the heifer is not clear. It 

has been observed that the BW at which menarche is reached varies less than the age at which it occurs, 

which leads to the theory that it is necessary to achieve a critical BW to trigger the endocrine events that lead 

to puberty(23). Something similar occurs in rats, where puberty occurs once a critical BW is reached (24). Alt-

hough this theory was extrapolated and supported by information obtained with heifers of beef (25)(26)(27) and 

dairy breeds(28)(29)(30), other studies reported that heifers maintained under different feeding plans reached 

puberty with different BW(16)(31)(32). 

Because indirect markers of the amount of body fat were less variable than the BW with which females 

reached menarche, it was suggested that it is necessary to reach a minimum amount of body fat capable of 

inducing the endocrine changes that trigger puberty(33). While some studies could not prove the theory that 

heifers reach puberty by reaching a minimum amount of fat(34)(35), in others no differences in body composition 

were observed at puberty in heifers subjected to different feeding plans and that reached puberty at different 

ages(30), which would support this theory. 

Body and reproductive development in heifers are influenced by the somatotropic axis, which is integrated by 

the growth hormone (GH), the GHRH (GH-releasing hormone), and the insulin-like growth factor 1 (IGF-1)(36). 

The GH is synthesized and secreted by the somatotrophs of the anterior pituitary gland, and growth actions 

are thought to be mediated indirectly through the generation of IGF-1(37). The latter enhances cellular prolifera-

tion, differentiation, and maturation of many tissues, including bone, cartilage, and skeletal muscle (38). Both 

IGF-I and GH act directly at the pituitary to inhibit GH secretion and indirectly at the hypothalamus by sup-

pressing GHRH release(39). At the adipose tissue, GH stimulates lipolysis and reduces the lipogenic response 

to insulin, while IGF-1 stimulates lipogenesis(40). In addition, IGF-1 has important effects on development and 

reproductive performance in heifers: high IGF-1 levels act as a metabolic signal to the hypothalamus and 

stimulates gonadotropin secretion(38). Moreover, there are complex feedback mechanisms between the soma-

totropic axis and some metabolic hormones, especially insulin and glucose, which influence body development 

and reproduction. Insulin is an important regulator of lipogenesis and IGF-1 actions(39); while glucose is the 

main energy source for ovarian function(41)(42). In turn, both insulin and IGF-1 exert direct effects on follicular 

cell proliferation and steroidogenesis in vitro(43), and their increase is positively associated with whether they 

ovulate and with in vivo follicular growth(39). In the case of leptin, which is mainly produced by the adipose tis-

sue, it would fulfill a permissive role in the establishment of puberty, informing the reproductive axis about the 

energetic state of the animal; however, it is less sensitive to the changes associated with the level of nutrition 

when the percentage of body fat exceeds a threshold, which would reaffirm the notion that a minimum body 

reserves are required to reach puberty(44). 

An increase in the concentration of IGF-1 and insulin is positively associated with a lower age at first heat in 

heifers(41). Higher insulin and IGF-1 concentrations are associated with increases in pulsatile LH secretion (45). 

In contrast, low concentrations of IGF-1 would determine a delay in the age of puberty due to a decrease in 
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the synthesis of oestradiol at the ovarian level, that would prevent the necessary stimulus for the preovulatory 

LH surge to occur(38). In particular, the prepubertal increase in IGF-1 concentrations may act as a modulator of 

the onset of puberty(46)(47). The increase in insulin secretion acts directly or indirectly through glucose uptake 

by cells, altering different processes involved in the initiation of cyclicity (48)(49). In this sense, adequate glucose 

levels appear to be necessary for insulin to have any effect on LH concentrations (50). 

Collectively, the changes in the concentrations of the mentioned metabolic hormones would promote changes 

at the neuroendocrine system level. For example, at the level of the hypothalamus they promote a reduction in 

the abundance of neuropeptide Y mRNA (which has a negative action at the level of neurons of GnRH) and an 

increase in the abundance of proopiomelanocortin mRNA (which has a positive action on kisspeptin neurons), 

which in turn stimulates gonadotropin secretion. These modifications reduce the sensitivity to negative feed-

back of estradiol on GnRH secretion, which increases the pulsatile secretion of GnRH and LH and stimulates 

the follicular growth that determines the first ovulation(51). 

Increasing BW without the corresponding skeletal development has been linked to calving problems, impaired 

mammary gland development and lower milk production at first lactation (52). In addition, fat deposition in dairy 

heifers has been linked to mammary gland development rather than ADG(53). Body condition represents a 

measure of the fat deposition of the animal, for which there is a scale designed for dairy heifers (54). However, 

withers height and width of the hip would also be appropriate parameters since they are not affected by the 

BCS of the animal(7). In this sense, the physiological state of the female, especially in relation to the age of 

puberty, would be a major regulator of mammary development(55). From 3 months of age to puberty, the 

growth of the mammary gland is proportionally greater than the body growth of the animal ( i.e. allometric 

growth period), which is especially associated with the increase in the deposition of adipose tissue. A disturb-

ance in the mammary gland growth at this stage affects the potential for future milk production: for example, 

an important increase in the nutritional level before puberty affects the secretion of lactogenic complex hor-

mones and reduces the growth of the mammary parenchyma(29). Therefore, a correct body and mammary 

gland development are highly influenced by management during the prepubertal period, and are determinant 

of the productive future of the animal. 

 

3. Effect of feeding level during different periods on pubertal development 

Since many decades ago, nutrition is known to be one of the main factors that affects attainment of puberty in 

female cattle. It is generally reported that a greater rate of body weight during the post-weaning period, thus, a 

greater plane of nutrition, has been systematically associated with a lower age at puberty, both in dairy (56)(57)(58) 

and beef(31)(59)(60) heifers. In Uruguay, this effect was reported in beef heifers maintained on a greater plane of 

nutrition before(61) and after(62) weaning. Chronic nutrient supply restriction determines a delay on puberty on-

set(63), while an acute feed restriction may determine that heifers that were already cycling become anovulato-

ry(64)(65). 

It is accepted that the effects of an improvement in the postnatal feeding plane on an earlier onset of puberty 

are generally related to an earlier escape of the hypothalamus-pituitary axis from the negative oestradiol feed-

back on pulsatile secretion of LH(16). Although the exact mechanisms that link nutrition with the onset of puber-

ty are not yet clear, they involve changes at the level of different molecules that provide information at the 

hypothalamus level about the balance of nutrients in the animal, associated with fluctuations in weight and/or 

level of body reserves(66). For example, an improvement in the postnatal nutritional level of heifers increases 

the circulating concentrations of leptin, IGF-I and insulin, and metabolites like glucose, which in turn have been 

associated with a faster onset of puberty(46)(47)(56)(67)(68)(69). From an evolutionary point of view, it implies that the 
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female must reach a threshold amount of accumulated energy before the reproductive processes that lead to a 

successful gestation are activated(15). 

In dairy cattle, the effect of alternating periods of nutrient restriction during the post-weaning stage, followed by 

a re-feeding stage, is still unclear. In some cases, heifers that were initially restricted in their nutrient intake but 

were later subjected to compensatory growth reached puberty at a similar age as heifers that were always 

provided with 100% of their requirements(56)(70), but in other cases they were delayed by a few months(32)(71). Of 

note, in all studies the BW at which heifers reached puberty did not differ between feeding strategies. In Uru-

guay, it has been reported that dairy heifers subjected to a better feeding plan for 4 months after weaning 

achieved a greater BW gain (0.8 vs 0.6 kg/d) and tended to have higher concentrations of IGF-I during the 

period of application of the treatments compared to heifers under a lower feeding plane. However, heifers sub-

jected to a higher feeding level not only did not reach puberty earlier, but on day 350 of life the proportion of 

animals that had reached puberty was lower compared to animals under a lower feeding plane (0.47 vs 0.78); 

likewise, heifers with a high feeding plane weighed 45 kg more at puberty (72)(73). It should be noted that after 

the application of the treatments all the animals were managed with the same diet and gained 0.8 kg/d, re-

gardless of the previous treatment; this relative improvement in weight gain for the heifers previously managed 

with a lower level of feeding could have been a stronger signal explaining the more rapid onset of puberty ob-

served in those animals, similar to that reported in heifers subjected to compensatory growth, as already men-

tioned. 

Information related to the effects of feeding level during the prenatal and pre-weaning periods on puberty de-

velopment of dairy heifers is scarce and inconsistent compared to the one related to the effects of feeding 

level during the post-weaning period. It has been reported that heifers that were fed milk ad libitum during rear-

ing reached puberty 23 days earlier than heifers that were restrictedly fed with milk replacer, although there 

were no differences in BW or various measures of skeletal development at puberty (74). Others(75) reported that 

heifers fed with a milk replacer and starter concentrate with a high concentration of energy and protein during 

rearing reached puberty 31 days earlier, with 20 kg less BW, and lower WH and width between hips than heif-

ers fed a less intensive diet. In Uruguay, calves fed with 8 L/d of milk during rearing reached puberty 45 days 

earlier, with 28 kg less BW, but with greater width between the hips, WH, and heart girth compared with calves 

fed with 4 L/d; however, there were no differences in the number or diameter of follicles in the prepubertal 

stage. Furthermore, heifers that were offered a higher supply of milk had higher blood concentrations of IGF-I 

both in the lactating stage and in the post-weaning stage (when all animals received the same diet), although 

there was no effect of the treatments on insulin blood concentrations (76). 

On the other hand, increasing milk supply from 5 to 10 L/d during the pre-weaning stage and offering a post-

weaning diet with a higher proportion of concentrates resulted in a higher blood concentration of leptin in heif-

ers during both periods. While the more intensive pre-weaning diet increased the peak and duration of the LH 

pulses at week 15 of life and increased the number of follicles in the prepubertal stage, this did not translate 

into an earlier onset of puberty. Although post-weaning feeding did not affect LH secretion, heifers with a high-

er feeding plane at this stage had a higher number of follicles in the pre-pubertal stage and a higher probability 

of entering puberty at 30 weeks of age(77)(78). 

More recently, it has been observed that the environment in which the fetus develops can have a long-term 

impact on future performance, a phenomenon known as developmental programming or fetal programming (50). 

The nutrition that the mother receives during pregnancy is a factor that can affect the uterine environment and 

have long-term implications for the development of the animal, including the time of attainment of puberty, an 

aspect observed in rats whose mothers were undernourished during pregnancy (79), but which has only recently 

been explored in bovines. In one study(80) no differences were observed in the age at puberty between heifers 

born to undernourished cows or not during the second and third trimesters of gestation, but others (81) observed 
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that heifers whose mothers were supplemented with protein during the last third of gestation reached puberty 

at a younger age than daughters of cows that were not supplemented. These differences between experi-

ments could be related to the level of nutrient restriction imposed in each study. More recently, it has been 

proposed that the nutrition received by the cow during gestation interacts with the feeding plane received by 

the heifer after birth to program the onset of puberty (51). These authors evaluated different feeding levels dur-

ing the second and third trimesters of the dam's gestation and between weaning at 3 months of age and for 5 

months, and reported that better postnatal nutrition, and, to a lesser extent, better prenatal nutrition were as-

sociated with a lower age at puberty in heifers. However, heifers subjected to low feeding levels in both stages 

took almost 100 days longer to reach puberty than those that were always managed with a high feeding plane. 

Although it is possible that the neuroendocrine mechanisms that explain these effects are similar to those that 

mediate the effects of postnatal nutrition on the onset of puberty, they are still poorly understood. 

 

4. Social environment during the post-weaning period and pubertal development 

Several factors associated with the social environment affect production, development, and welfare in rumi-
nants(82)(83)(84). Cattle are gregarious animals in which the social structure is based on hierarchy relation-
ships(85). Social dominance is the relation between two individuals, dominant (winner) and subordinate (loser), 
and “it refers to the condition of an individual's respect to another in the same group”(86). From an evolutive 
point of view, social hierarchy would act as a markedly adaptive trait, allowing a better use of resources, with a 
minimum of destructive conflicts(87). However, it can be a limitation for the performance of many animals, es-
pecially the subordinate or low ranked ones(88). In this sense, if management conditions are inadequate (high 
animal density, reduced feeding space, uneven groups of animals), social dominance can have negative con-
sequences on heifers' health, welfare, and productive performance(9)(87)(89). Specifically, increased competence 
at the feeding bunk determined greater variability in ADG(90)(91) and increased BW in heifers of higher rank 
compared to those of lower social rank(92). 

The information related to the effects of social dominance on reproductive performance, and especially on puber-

ty development, is scarce. In dairy cows, both milk production and fertility increased with social rank(93)(94), while 

high-ranked beef cows were rebred earlier during the postpartum period compared with low-ranked ones(95). In 

male lambs, high-ranked animals had greater ADG, and a precocious increase of scrotal circumference, semen 

production, and sexual behavior compared to low-ranked ones(96). In Uruguay, the effects of social dominance on 

body and reproductive development, metabolic status and behavior in dairy heifers maintained under intensive 

feeding systems in a competitive environment has been evaluated(97)(98). These authors reported that dominant 

heifers presented higher BW, glucose concentrations and attained puberty earlier, compared to subordinate heif-

ers(97). Moreover, subordinate heifers had greater intake rate and behaviors linked to increased levels of social 

stress (less rumination and greater walking and standing behaviors) in contrast to dominant ones (98). Thus, social 

dominance in females maintained under competitive situations represents a social stress factor that may affect 

both productive and reproductive performance in dairy heifers. 

The establishment of social hierarchies in cattle is performed through physical encounters, and agonistic inter-

actions(99). If the social group is maintained stable, it is expected that the individual order in the social hierarchy 

would not change(100). In contrast, when animals are subjected to social regroupings (SR), a new social order 

must be achieved after each SR, increasing the physical interactions and agonistic behaviors on the days after 

SR(101)(102). In general, 3 to 14 days are necessary to reestablish the new social order after each SR (99)(103)(104). 

Several factors, like animal category, number of individuals in the group, and competence level for re-

sources(105)(106) affect the period necessary to stabilize the social group. The changes associated with the for-

mation of a new group and/or SR have been reported to affect behavioral pattern(101), body development(107) 

and milk production(101)(108)(109)(110) in cattle. When SR are performed repeatedly, it was found that calves re-
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grouped up to 14 times spent less time lying and more time standing only during the first SR, without differ-

ences at the following SR(111). In contrast, others(112) reported no habituation in heifers regrouped up to 16 

times. In Uruguay, a recent study evaluated the effects of repeated SR on body development, onset of cyclic 

activity, metabolic status and behavior in dairy replacement heifers managed on grazing conditions in a con-

tract-rearing farm(113). It was reported that body development (BCS and WH) was temporarily affected, while 

the onset of cyclic activity was delayed in more than one month in heifers regrouped every 21 days for a total 

of 10 SR compared to those that were maintained in the same group. In addition, regrouped heifers presented 

lower IGF-1 and glucose concentrations, and increased NEFA concentrations, which are linked with a more 

negative metabolism, as well as altered ingestive and postural behavioral patterns, compared to non-

regrouped ones. Thus, repeated regroupings affect productive and reproductive performance in dairy heifers, 

so they should be avoided or at least minimized during rearing. 

 

5. Integrative approach 

In this section, we aimed to integrate the results of the studies performed in Uruguay that evaluate the effects 

of different factors associated to social environment and feeding level on age at puberty in dairy heifers. For 

this, data of four different studies(72)(76)(97)(113) were summarized (Table 1). In only one of those studies heifers 

were maintained in a confined system, without access to pasture (97), while on the other three they grazed pas-

tures. The final dataset contained the information of 118 animals, with the following variables: number of study, 

number of animals, treatment, evolution of BW, WH and HG, and concentrations of IGF-1, insulin and glucose, 

along the different sampling periods. Afterwards, the information contained in the dataset was classified in two 

groups: according to heifers that began puberty before and after 300 days of age (“early” and “late” heifers). In 

addition, response variables (IGF-1, insulin, glucose, BW, WH, HG) were classified according to the age of the 

heifers at the different sampling periods: period 1:> 0 and ≤ 120 days, period 2: > 120 and ≤ 240 days, and 

period 3: > 240 and ≤ 360 days of age. Data was analyzed with a mixed linear model (PROC MIXED) using 

SAS (SAS® On Demand for Academics; SAS Institute Inc., Cary, NC), with the age at puberty (< 300 d 

and> 300 d), age at sampling period (periods 1, 2 and 3) and the interaction between age at puberty and age 

at sampling period as main effects, and the experiment, animal and treatment as random effects. The com-

pound symmetry covariance structure was included. In addition, simple regressions (PROC CORR) were per-

formed between some variables of interest: age with BW at puberty, and ADG with age at puberty and BW at 

puberty. Average daily gains were calculated as the differences between BW at birth and BW at puberty. Sig-

nificant differences were considered when P ≤ 0.05 and tendencies as 0.05 <P ≤ 0.1. The results are present-

ed as mean ± SEM. 

Table 1. Descriptive information of the studies that evaluated different factors that affect the onset of puberty in dairy 
heifers in Uruguay 

Study 
Number of animals 

per treatment 
Treatment 

period1 
Treatment 

type2 
Total duration, d3 

Age at the 
beginning, d4 

De Trinidad(76) 34 PreW (56 d) High vs Low 416 4 

De La Quintana(72) 40 PostW (120 d) High vs Low 270 78 

Fiol and others(97) 16 PostW Dom vs Sub 120 250 

Moratorio and others (113) 28 PostW RG vs non-RG 205 270 

1 PreW: the treatments were applied during the pre-weaning period. PostW: the treatments were applied during the post weaning 

period. 2 Periods when the treatments were applied. High vs Low: two feeding levels were evaluated. Dom vs Sub: heifers main-

tained in dyads were classified according to social dominance. RG vs non-RG: heifers were regrouped with 5 new heifers every 21 

days or maintained in a stable group for 210 days. 3 Total duration of the experimental periods, including the periods when the treat-

ments were applied. 4Age of the females at the beginning of the studies. 
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Age and BW at puberty presented a high positive linear correlation (r = 0.56, P < 0.01; Figure 1), which is in 

agreement with studies that reported that heifers maintained under different managements reached puberty 

with different BW(16)(32), and in contrast to the hypothesis that cyclic activity begins at the moment that heifers 

reach a target BW(28)(29)(30). The correlation between ADG and age at puberty was also very high and negative 

(r = -0.58, P < 0.01; Figure 2a), while the correlation between ADG and BW at puberty was lower and positive 

(r = 0.33, P < 0.01; Figure 2b). In this sense, as previously reported in dairy cattle(56)(57)(58), as heifers gained 

more BW, the age at puberty decreased, which implies a relevant effect of nutritional level and/or factors that 

determined changes on feeding intake (e.g. social environment) during females rearing on the onset of cyclic 

activity. 

 

 

Figure 1. Correlation between age and body weight at puberty in dairy heifers from a dataset of four studies performed 

in Uruguay (n =118 heifers) 

 

 

Figure 2. Correlations between average daily gains from birth to puberty with age (a) and body weight (BW); b) at puber-

ty in dairy heifers from a dataset of four studies performed in Uruguay (n =118 heifers) 

 

Heart girth tended to be greater in “early” compared to “late” heifers (P = 0.10; Table 2), while no effect of age 

at puberty was found for any of the other variables evaluated, but an interaction between age at puberty and 

age at sampling was found for BW, WH, HG, and glucose, and a tendency for IGF-1 (Table 2). On period 1, 

BW was greater in those heifers that attained puberty younger (54.4 and 71.0 ± 12.4 kg, “early” and “late” 

heifers, respectively; P< 0.01), while on period 3 “early” heifers presented a greater BW compared to the ones 
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that began puberty later (264.8 and 245.0 ± 12.3 kg, “early” and “late” heifers, respectively; P< 0.01). Thus, 

heifers that began puberty earlier were lighter during the preweaning and immediately after weaning periods, 

but they had greater postweaning ADG, which determined a greater BW at the time around puberty, compared 

to those that were older at puberty. Interestingly, heifers that attained puberty younger tended to present 

greater IGF-1 concentrations on period 1 (171.3 and 143.4 ± 49.0 ng/ml, “early” and “late” heifers, respective-

ly; P = 0.06) compared to those that were older at puberty. In addition, glucose concentrations tended to be 

greater (P = 0.1) in “early” compared to “late” heifers on period 1 (5.1 and 4.9 ± 0.2 mmol/l, “early” and “late” 

heifers, respectively). In this sense, although heifers that were older at puberty presented greater BW at peri-

od 1, IGF-1 and glucose concentrations were greater in heifers that were younger at puberty during the same 

period, which may be associated to differences in some metabolic signals between both types of females. In 

fact, previous studies reported that elevated concentrations of metabolic signals, such as IGF-1, during early 

stages of life promote changes within the neuroendocrine system that may affect puberty onset (51). On periods 

2 and 3, both WH (period 2: 101.8 and 100.2 ± 2.0 cm; period 3: 115.7 and 114.3 ± 2.0 cm, for “early” and 

“late” heifers, respectively; P< 0.01) and HG (period 2: 128.0 and 124.5 ± 1.3 cm; period 3: 150.4 and 147.5 ± 

1.4 cm, for “early” and “late” heifers, respectively; P< 0.01) were greater in heifers that attained puberty early 

compared to those that were older at the beginning of cyclic activity. Thus, greater skeletal development may 

be linked to reduced risk of calving problems and adequate mammary gland development on precocious heif-

ers(52)(53). 

 

Table 2. Body development, IGF-1, insulin, and glucose concentrations (mean ± EEM) in dairy heifers that attained 

puberty before and after 300 days of age, and according to age at sampling in a dataset of four different studies per-

formed in Uruguay 

  
Age at puberty   P 

<300 d > 300 d EEM 
Age at puber-

ty 
Age at sam-

pling  
Age puberty* 
Age sampling  

BW, kg 163.0  159.7 12.0 ns < 0.01 < 0.01 

WH, cm 99.1 98.5 1.9 ns < 0.01 < 0.01 

HG, cm 123.6 122.2 1.2 0.10 < 0.01 < 0.01 

IGF-1, ng/ml 217.9 206.4 48.5 ns < 0.01 0.10 

Insulin, μUI/ml 13.4 12.7 3.3 ns ns ns 

Glucose, mmol/l 4.8 4.8 0.2 ns < 0.01 0.01 

BW: Body weight. WH: Withers height. HG: Heart girth. Age at sampling: period 1: > 0 and ≤ 120 days, period 2:> 120 and ≤ 240 

days and period 3: > 240 and ≤ 360 days of age. 

 

6. Final conclusions and future trends 

While the effect of post-weaning feeding level on the onset of puberty has been well studied, the impact of alter-

nating periods of restriction and subsequent acceleration of growth (i.e. compensatory growth) on dairy heifer 

rearing, or the level of ADG that allows an early onset of puberty without compromising mammary gland devel-

opment still need to be defined. Likewise, more information is needed to evaluate the effects of the pre-weaning 

or pre-natal feeding level on the onset of puberty, where although promising results have been reported, the 

information is still scarce and inconsistent. Moreover, it is also necessary to know how they interact with the feed-

ing level that the animals receive after weaning. The promising results about the effects of the manipulation of the 

social environment on the attainment of puberty in heifers should encourage to continue exploring this research 

area, particularly in what has to do with the effects of competition and regrouping of animals on early stages of 
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life, and how these aspects can modulate the response to feeding management. In addition, studies should con-

sider and evaluate the possible effects of the social environment on animal welfare. 

The particularities of the heifer rearing system in Uruguay, in the open field and with a diet mainly based on 

pastures, impose some restrictions (e.g. under-nutrition during times of forage scarcity, heat stress), which 

lead to the need to study which components of the production systems could be modified to achieve the goals 

of growth and body development, which in the present are not achieved by the average of the farms. It would 

be of interest to evaluate the possibility of modifying the forage base and grazing systems, the inclusion of 

specific feeds or additives that may enhance growth, the provision of shade, or the partial confinement of the 

animals in those critical periods, so as not to compromise the onset of puberty. 

Finally, studies at the level of the production system would be desirable to verify that an earlier attainment of 

puberty in heifers has a positive impact on fertility at first service and age at first calving, without affecting the 

productive life of the animal. These studies should consider not only biophysical aspects but also economic 

and environmental ones. Regarding this last point, the reduction in the age at first calving in heifers with an 

adequate development, which depends on an early attainment of puberty, reduces the number of replacement 

animals that need to be kept on the farm, which would result in a lower emission of greenhouse gasses (114). 

Considering that the stock of replacement animals contributes with 21-26% of the enteric CH4 produced by the 

entire herd(115), the contribution of lowering the age at first calving could be an interesting tool to mitigate the 

effects of milk production on the environment. 
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