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Preface

Today’s horses perform a variety of roles and there are many categories of horses 
based on their breed, size and use. Horses are kept for many purposes and in many 
different circumstances and environments. Eighty per cent of the horse populations 
are used for hobby and leisure purposes. However, whatever the use of the horse 
will be, the goal is to grow sound individuals that will be durable throughout their 
life and will perform at its optimal level. One particular challenging stage during the 
early life of the foal is weaning, being a remarkable stress factor and requiring, thus, 
special attention to attenuate the weaning stress.

The elements of health growth and development are genetics, nutrition, exercise 
and housing of the foal and young horse. Thus, producing horses that will have 
long-term and productive careers and uses requires sound management already 
from conception. Like humans, horses are living today longer.

The large variety of the horses considering their breed and use makes feeding 
them challenging. Proper nutrition and feeding management are the main objectives 
to fulfil the ethological and physiological needs of the growing horse. The links 
between health and good dietary treatment and management practices have to be 
considered to increase our understanding of the needs of the growing horses and 
ensure their proper development and wellbeing. Gaps in nutrition and management 
may lead to health problems and impaired growth and performance. Special atten-
tion has to be paid on correct exercise because good nutrition alone will not opti-
mize bone health.

It is important to ensure that evidence- and science-based knowledge is available 
to all horse managers and people working in the horse industry. The objective of this 
book is to offer latest research-based knowledge available to people involved in 
breeding and raising of horses. This book, authored by the leading experts on their 
research fields, is dealing with development, nutrition, health and wellbeing to fulfil 
the possible gaps in and strengthen the knowledge about management of foals and 
growing horses. One has to keep in mind that all horses are individuals by their 
temper and behaviour, growth rate, feed efficiency, etc., and that circumstances 
between countries are different. It is important to monitor the growth and develop-
ment of the horse regularly and adjust the nutrition individually. All authors high-
light that nutrition of horses shall be based on high-quality and analysed feeds.

Jokioinen, Finland� Markku Saastamoinen   
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1Feeding of the Pregnant and Lactating 
Mare

Ingrid Vervuert

Abstract

Nutritional needs of the broodmare change during the different stages of 
reproduction. The main goals of a well-balanced diet should be adequate energy 
and nutrient intake such as protein, minerals and vitamins to achieve an ideal 
body condition and to cover all nutritional needs of the mare and raising a healthy 
foal. Increases in energy and nutrient requirements start already from the 5th to 
8th month of gestation continuing during lactation until the milk production 
starts to decline. Broodmare’s obesity may impact foetal metabolism, which can 
affect the growth and performance of the growing and adult horse. Conversely, 
undernutrition can cause intrauterine growth retardation of the foetus, resulting 
in altered development of the systems involved, which may have long-term 
effects on the horse that manifest during foetal, neonatal or even adult life. 
Colostrum is the first and the most important feed of the new-born foal providing 
immunoglobulins and bioactive substances. Forages should be the basis of the 
ration.  Besides adequate energy and nutrient intake to ensure sufficient milk 
production, diet formulation should consider mare’s feed intake behaviour and 
welfare such as the minimum daily forage intake, meal size, feed hygiene or 
water provision. 
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1.1	� Introduction

Nutritional needs of the broodmare change during the different stages of reproduc-
tion. The main goal of a well-balanced diet should be an adequate energy and nutri-
ent intake such as protein, minerals and vitamins to achieve or obtain an ideal body 
condition score. Under this premise, the balanced-fed broodmare will raise a healthy 
foal. Prolonged unbalanced rations can predispose the broodmare and foal to nutri-
tional-related problems. Besides adequate energy and nutrient intake, diet formula-
tion should consider mare’s feed intake behaviour and welfare such as the minimum 
daily forage intake, meal size, feed hygiene or water provision.

1.2	� Nutrient Requirements of the Maiden or Barren Mare

The gestation period in mares is typically between 330 and 345 days, approximately 
11 months. Recommendations for energy, nutrient and water intake are available for 
broodmares; however, different countries use different national recommendations 
such as National Research Council (NRC) 2007 (USA), Gesellschaft für 
Ernährungsphysiologie (GFE) 2014 (Germany) and Martin-Rosset et  al. 2015 
(France). This chapter considers the different energy and nutrient recommendations 
for broodmares based on scientific knowledge and summarizes the main aspects of 
feeding pregnant and lactating mares.

It is important to highlight that the nutritional needs of broodmares change dur-
ing the different stages of reproduction (Martin-Rosset et al. 2006, Coenen et al. 
2011). Among other factors such as individuum, seasonality, feed availability, 
housing and several nutritional factors have been discussed to influence fertility and 
are summarized in Table 1.1.

The maiden or barren mare should be fed according to maintenance or exercise 
depending on the use of the mare. Occasionally, the breeding process may already 
start in two-year-old mares who still require energy and nutrient intake for growth 
(Fig. 1.1).

Several studies suggest that the mare’s body condition is one of the most 
crucial issues which has to be considered in reproductive efficiency. There is some 
evidence that mare’s BCS may positively correlate with the foal’s birth weight: 
obese mares seem to have heavier foals. Maiden or barren mares which are under-
conditioned (BCS  <  5 on a nine-point Henneke scale, Table  1.2) have lower 
conception rates by lower ovulation rates and increased early embryonic death after 
insemination than mares which are well conditioned (BCS 5–6). Although over-
feeding (>200% required energy intake) may prolong the period of annual cyclicity, 
it is related to several risk factors (D’Fonseca et al. 2021). Most significantly, 
over-conditioned maiden or barren mares (BCS > 6) may develop systemic inflam-
mation and decreased insulin sensitivity during pregnancy which negatively affect 
embryonic and foetal environment by the expression of genes involved in inflamma-
tion, glucose and lipid metabolism, growth and cell stress (Robles et al. 2018). The 
metabolic imprinting may increase the risk of early embryonic death and may nega-
tively affect the health of the offspring and adult horse such as a higher incidence of 

I. Vervuert
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Table 1.1  Energy and nutrients affecting reproduction in mares (adapted from Meyer and 
Klug 2001)

Item Ovulation Embryonal development
Foetal 
growth

Birth 
weight Abortion

Energy ↓ Reduced Increase in early 
embryonic death

No effect No effect No effect

Energy ↑ Increased Equivocal results: 
Reduction or increase in 
early embryonic death

No effect No effect No effect

Protein ↓ Reduced NA NA NA NA

Calcium ↓ NA NA Reduced Reduced

I ↓ Suspected 
reduction

Suspected increase in 
early embryonic death

NA NA Suspected 
increase

I ↑ NA NA NA NA Suspected 
increase

Selenium ↓ NA Suspected increase in 
early embryonic death

NA NA NA

Vit. A ↓ NA Suspected increase in 
early embryonic death

NA NA NA

ß-carotene↓ Reduced NA NA NA NA

↓: Intake significant below requirement; ↑: Intake significantly higher than requirement; NA Not 
available.

osteochondrotic lesions or an impaired glucose metabolism. In conclusion, low 
energy stores protect maiden or barren mares to become pregnant, excessive energy 
stores will expose the embryo and the foetus to an inflammatory environment. 
Therefore, mares should have an ideal body condition (BCS 5–6) before starting 
with reproduction (Lawrence 2013).

In order to obtain an ideal body condition, energy intake should be adjusted at 
least 6–8 weeks before insemination. Protein intake should be 20% higher than the 
requirement for maintenance or exercise. Independent of energy intake, inadequate 
protein intake seemed to induce anovulation in the mare. The inclusion of protein-
rich feeds with a high protein quality and a high digestibility is of great importance. 
In the literature, the amino acids lysine and methionine seem be the key factors in 
reproductive efficiency, but other essential amino acids should be considered as well 
although requirements are not well defined.

Minerals and vitamins should be fed according to maintenance or exercise. Both 
undersupply and excessive intake must be avoided. In research, special attention has 
been focused on the intake of beta-carotene and the ovarian function in maiden or 
barren mares. From literature, a daily beta-carotene intake of 0.4 mg/kg BW is rec-
ommended before insemination.

1.2.1	� Practical Feeding of the Maiden and Barren Mare

The main goal of rationing should be an adequate energy intake to achieve an ideal 
body condition score of 5–6 before insemination. Grazing on a lush pasture is 

1  Feeding of the Pregnant and Lactating Mare
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Fig. 1.1  Body condition scoring system (adapted from KER Body Condition Scoring Chart)

recommended, except for obese mares. Mares will consume fresh grass up to 2.5 to 
3% of body weight (based on dry matter) and the grass intake will cover or exceed 
energy and protein requirements. During autumn and winter without access to 
pasture, preserved forages such as meadow hay or haylage are the basis of the ration. 

I. Vervuert
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The daily intake should be a minimum of 1.5–2% of body weight, based on 
dry matter.

Although forages constitute major part of the diet, in most cases nutrient 
(carbohydrates, protein, minerals, vitamins) and hygienic analyses of the fed forages 
are missing which is a major limitation in equine nutrition. Especially, the feed 

Fig. 1.1  (continued)

1  Feeding of the Pregnant and Lactating Mare
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hygiene of forages should be routinely checked for grasp, smell and colour, and by 
microscopic evaluation for possible microscopic findings. In the case of 
abnormalities, further analysis such as chemical and microbial analysis or mycotoxin 
determination is required. Feed hygiene considers moulds and yeasts, chemical 
contaminations (e.g. heavy metals), poisoning plants and foreign bodies which all 
may be harmful to the animal’s health, reproduction and growth.

If the preserved forage is low in protein, a protein-rich feed with a good protein 
quality (e.g. alfalfa hay or cubes, sainfoin cubes or chaff, other legumes such as pea 
flakes) or a commercial protein balancer are recommended to add to the diet. On the 
other hand, access to a lush pasture for several hours provides sufficient protein 
intake of a high protein quality.

Extra energy can be provided by grains such as oats or other grains; however, 
grain intake should be limited to a maximum of 2 kg in horses (BW of 500–600 kg) 
as a high starch intake will increase the risk for metabolic disorders and gastric 
mucosa damage. Pectin-containing feedstuffs such as beet pulp (~0.2 kg per 100 kg 
BW) are recommended in under-conditioned mares as pectin provides a highly fer-
mentable substrate for the microflora in the large intestine  (Coenen & Vervuert 
2020). The resulting short-chain fatty acids such as acetate and propionate by 
microbial pectin fermentation in the large intestine are used as energetic substrates 
by the equine. The energy equivalent of beet pulp (based on dry matter) is similar or 
even higher to the energy equivalent of grains. In addition, numerous compounded 
feeds with low sugar and starch levels, but enriched in protein and fat, are also avail-
able on the market. Vegetable oils provide high energy levels, but they should be 
limited to a daily maximum amount of 100 mL per 100 kg BW to avoid microbial 
disturbances in the large intestine when lipid absorption capacity is exceeded in the 
small intestine. Under practical feeding conditions, vegetable oils should be pro-
vided in the range of 20–50 mL/100 kg BW in under-conditioned mares. As omega 
3-fatty acids have anti-inflammatory properties, linseed oil is one of the preferred 
lipid sources.

In most cases, a commercial mineral-vitamin supplement should be added to a 
forage-based diet to ensure adequate mineral intake. However, mineralized salt 
blocks are not recommended as the adequate intake according to the requirement is 
uncertain and may result in deficient or excessive intake of minerals and vitamins. 
In most cases, mares (500–600  kg BW) fed a compound feed exceeding daily 
amounts of ≥1.5 kg do not need extra minerals and vitamins as compound feeds are 
fortified with these elements.

A salt block containing exclusively sodium chloride (NaCl) should be provided 
ad libitum, although salt intake by a salt block does not necessarily meet NaCl 
requirements, especially in exercising horses with significant sweat losses. In case 
of using the maiden or barren mare as a performance horse, extra NaCl in depen-
dency of occurring sweat losses should be provided by table salt without iodine (I) 
and without fluorine (F).

Horses meet their beta-carotene requirement by grazing fresh green forages, 
whereas dehydrated forages may be deficient in beta-carotene as forage preservation 
will degrade beta-carotene up to 80%. Carrots include additional sources of beta-
carotene, and the majority of commercial feed is fortified with beta-carotene.

I. Vervuert
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1.3	� Nutrient Requirements of the Pregnant Mare

Nutrient recommendations in pregnant mares (Table 1.3) consider the requirements 
for the mare (e.g. maintenance, performance, lactation) and the needs of the 
embryo  and foetus. Energy and nutrient requirements are assessed according to 
changes in weight of the conceptus (foetus and foetal adnexal tissues such as pla-
centa and amnion), the weight changes of maternal tissues such as uterus and udder 
as well as changes in composition of the conceptus such as protein, fat or mineral 
storing. Foetal growth (see Chap. 2) can be described by growth curves using vari-
ous equations. The foetus growth is slow during the first half of the gestation, and 
rapid foetal development occurs from day 180 to 240 of gestation to parturi-
tion (Martin-Rosset 2005). According to studies, gestational weight gain is expected 
to be 14–16% of the mare’s initial BW.

To estimate the nutrient requirements for pregnancy, differences in digestibility of 
feedstuffs, metabolism and the efficiency of energy and nutrient utilization for stor-
age in the conceptus and maternal tissues have to be considered. Several models have 
been developed to assess the efficiency of energy and nutrient utilization and require-
ments for the broodmare (NRC 2007, GFE 2014 and Martin-Rosset et al. 2015).

In early gestation, the embryo is nourished by endometrial glands secretion 
before starting with the placentation to the endometrium at day 35–40 up to day 150 
of gestation. By placentation, foetomaternal exchanges occur by maternal-foetal 
blood vessels and uterine gland secretion. During this stage, the nutrient demands of 
the developing foetus are not yet quantified. However, nutrition and metabolism of 
the mare influence the uterine environment and endometrial glandular secretion 
already in the early life stages of embryonal and foetal development. Until the 4th 
month of gestation, energy and nutrient requirements of the mare are assumed to be 

Key Points
•	 The ideal body condition in maiden or barren mares varies between a score 

of 5 and 6 on a nine-point scale.
•	 Over- or undernutrition may negatively affect embryotic and foetal 

environment with consequences such as early embryonic death, birth 
weight or death of the offspring.

•	 Energy and nutrient intake should be adjusted to maintenance or exercise 
depending on the use of the mare; under- and oversupply of energy and 
nutrients should be avoided.

•	 Forages should be the basis of the ration, but nutrient and hygienic analyses 
are frequently missing which is a major limitation in equine nutrition. Both 
nutritional and hygienic quality have to be monitored routinely before 
feeding.

•	 A commercial mineral-vitamin supplement should be added to forage-
based diets.

1  Feeding of the Pregnant and Lactating Mare
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close to the requirements of maintenance, and a well-balanced diet will cover the 
needs of the embryo and early foetal development.

The highest foetal growth rate occurs during the third trimester of gestation, in 
particular the foetus gains 60% of its weight during this time period of gestation. 
But based on the different models to calculate energy and nutrient requirements of 
the pregnant mare, the increase in energy and protein requirements starts already 
from the 5th to 8th month of gestation, with the highest increase from the 9th month 
of gestation. In addition, calcium (Ca) and phosphorus (P) requirements increase 
from the 7th month of gestation, and these changes highlight the enormous demand 
of Ca and P for foetal skeletal development. In contrast, requirements for vitamins 
and trace elements, except for copper (Cu), do not change during gestation in 
comparison to maintenance. A higher Cu intake from the 9th month of gestation has 
been postulated as studies showed a lower risk for osteochondrotic lesions in the 
offspring when Cu storage was high in the foetal liver.

1.3.1	� Effects of Nutrient Intake on Colostrum

Mammary glands show physical and structural changes in the last 2–4 weeks of 
gestation (Starbuck 2006). Around birth, the mean secretion rate of colostrum varied 
around 300  ml/h with a mean total secretion rate of 2.3  ±  0.5  L.  Colostrum is 
composed of proteins, fat, carbohydrates, minerals and vitamins. Eighty percent of 
the protein fraction is linked to immunoglobulins such as IgG and IgA.  The 
immunoglobulin fraction IgG is aggregated from the blood over the last 2–3 weeks 
of gestation, whereas IgA is synthesized by the mammary gland itself. After 
parturition, mean IgG levels vary around 50–70 g/L (adequate IgG levels: > 50 g/L) 
with significant decreasing levels already after 2–3 h after parturition. 24 h after 
parturition, colostrum is fully replaced by milk with low immunoglobulin levels. 
Besides the significant drop in IgG levels in the colostrum, IgG absorption in the 
small intestine declines to almost zero by 12–24 h after birth. On the contrary, the 
highest absorption rate of immunoglobulins occurs in the first 4–6 h of foal’s life. 
Colostrum also contains immune cells (e.g. leucocytes), complement, bioactive 
substances such as lysozyme or lactoferrin, growth factors and hormones. Bioactive 
substances modulate metabolic processes such as the maturation of the 
gastrointestinal tract and meconium excretion in foals. Besides the role to provide 
immunoglobulins and bioactive substances, colostrum is the first and the most 
important feed of the new-born foal (Table 1.5).

The amount and composition of the colostrum depend on several factors. 
Appropriate nutrition, housing conditions considering the welfare and specific 
needs of the animal as well as health management (e.g. vaccination status) provide 
the basis of adequate colostrum quality and volume. Maiden and aged horses (over 
15 years) produce lower immunoglobulin levels. Primiparous mares tend to have 
lower quantities of colostrum. The impact of feeding selenium (Se) or Vitamin E 
above requirement or the supplementation of omega-3 fatty acids to improve 
colostrum quality reveals equivocal results in the literature. Therefore, according to 

1  Feeding of the Pregnant and Lactating Mare
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the current knowledge feeding Se, Vitamin E or other nutrients above requirement 
is lacking scientific evidence.

1.3.2	� Practical Feeding

Until the 4th month of gestation, ration formulation can be adapted from maiden or 
barren mare. As energy and nutrient requirement already increase from the 5th 
month of gestation, daily forage intake should be a minimum of 2% of body weight 
on DM basis. However, special attention must be paid to the forage quality (pasture 
grass, dehydrated forages) as energy and protein requirements will be only 
adequately covered under the premise of good forage quality. A close sensory 
control of hygienic quality and nutrient analyses of the fed forages is recommended 
to implement these data in appropriate feeding guidelines.

The increase in energy and protein requirements in late gestation (9th–11th 
month of gestation) can be either covered by 12–24-h access to pasture grass or by 
feeding alfalfa hay (2% of BW, based on dry matter) as both feedstuffs are rich in 
energy and protein. As season may limit access to pasture grass or alfalfa hay is not 
available, protein-rich feed such as soybean, pea flakes, rapeseed meal, lupin or 
commercial feeds fortified with protein should be added to the diet. The level of 
inclusion of protein-rich feedstuffs into the diet relies on the protein intake by 
forages, highlighting the necessity of forage nutrient analysis.

As dry matter intake might be reduced in the last month of pregnancy or if good 
quality forages are limited, energy intake may become a matter of concern, 
especially in pony breeds. Extra energy can be provided by grains, vegetable oils or 
beet pulp (see Sect. 1.3). Much attention has been paid to the negative consequence 
of starch intake also in pregnant mares among other horses. Research shows that 
excessive starch intake has a negative impact on metabolic and skeletal health in the 
offspring. Furthermore, a high starch intake may increase the risk for gastric mucosa 
damage in the mare; therefore, starchy feed such as grains should be limited in the 
ration up to a maximum level of 2  kg per day (500–600  kg BW). As Ca and P 
requirements increase threefold during the last trimester of gestation, a commercial 
mineral-vitamin supplement with fortified Ca (12%) and P (6%) levels should be 
added to the diet, especially in those diets which do not include alfalfa or clover 
(mixtures) as a forage source. A salt block containing exclusively NaCl should be 
provided ad libitum. As most mares will not be exercised in the last trimester of 
gestation, extra salt (NaCl) should only be added in case of sweat losses under hot 
climatic conditions.

Numerous energy and protein-dense compound feed claimed for pregnant mares 
are available on the market which can be fed to substitute grains and a protein 
balancer. In most cases, mares (500–600 kg BW) fed a compound feed exceeding 
daily amounts of ≥1.5–2 kg do not need extra minerals and vitamins as compound 
feeds are supplemented with these nutrients.

The optimal body condition score needs to define in pregnant mare, but most 
data suggest that a score of 6  in the last trimester may provide sufficient energy 
stores to enter the demanding period of lactation.

I. Vervuert
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1.4	� Nutrient Requirements of the Lactating Mare

The lactation period is a challenging period in mare’s life. Requirements for lacta-
tion result from the body weight of the mare, milk yield and milk composition 
(Table 1.4).

Milk yield varies around 3% of BW in large breeds and 4% of BW in pony 
breeds, but a high variation has been reported in the literature. In the past, it has 
been postulated that peak lactation occurs in the 3. month of lactation, but recent 
data suggest that peak lactation already appears at day 30 of lactation. The assump-
tion of peak lactation in the transition between the end of the first and second month 
of lactation seems reasonable as this period is linked to the highest BW gain of the 
foals and in consequence foals’ highest energy and nutrient demands. According to 
recent data, milk yield may be estimated from the following equation:

	 Milk yield g kg BW d e d dayof lactationd/ . . ? .0 82 0 1727 0 0053966( ) = =( ))	

Table 1.4  Daily nutrient requirements of lactating mares (500–600  kg BW, according to 
NRC 2007)

Item Unit 1st month 3rd month 5th month
DE MJ 133–160 128–154 118–142
CP g 1.54–1.84 1.47–1.76 1.33–1.6
Lysine 85–102 80–96.4 71–85.5
Ca 59–71 55.9–67.1 39.5–47.4
P 38.3–46 38.1–43.2 24.7–29.6
Cu mg 125–150 125–150 125–150
Zn 500–600 500–600 500–600
I 4.4–5.3 4.4–5.3 4.4–5.3
Se 1.25–1.5 1.25–1.5 1.25–1.5
Vit. A IU 30,000–36,000 30,000–36,000 30,000–36,000
Vit. E 1000–1200 1000–1200 1000–1200

Key Points
•	 Until the 4th month of gestation, energy and nutrient requirements of the 

mare are assumed to be close to the requirements according to maintenance.
•	 Gestational weight gain is expected to be 14–16% of the mare’s initial BW.
•	 Increase in energy and nutrient requirements start already from the 5th to 

8th month of gestation, but with the highest increase from the 9th month of 
gestation.

•	 Colostrum provides immunoglobulins and bioactive substances.
•	 Colostrum is the first and the most important feed of the new-born foal.

1  Feeding of the Pregnant and Lactating Mare
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Table 1.5  Colostrum and milk composition in mares (according to Coenen et al. 2011, extensive 
review of the data)

Nutrient Unit per kg Colostrum Milk (mean)
Milk (day of lactation)
30 60 90 120 150

Gross energy MJ 3.276 2.150 1 1 1 1 1

Ash g 6 4.2 1 1 1 1 1

Fat 18.8 13.9 1 1 1 1 1

Lactose 48.3 64.6 1 1 1 1 1

Protein 79.8 23.2 23.4 21.1 19.8 18.8 18.1
Ca mg 874 1033 995 870 796 744 704
P 683 604 534 449 400 365 338
Mg 203 73 74 63 57 52 49
Na 424 183 1 1 1 1 1

K 1084 666 1 1 1 1 1

Cl NA 278 1 1 1 1 1

S 1025 241 1 1 1 1 1

Cu 1.6 0.29 1 1 1 1 1

Zn 4.4 2.2 1 1 1 1 1

Fe 0.9 0.7 1 1 1 1 1

Mn 0.045 0.039 1 1 1 1 1

Se 0.093 0.032 1 1 1 1 1

Vit. A IU 2600 2077 1 1 1 1 1

Vit. D3 216 128 1 1 1 1 1

Vit. E mg 1.34 1.13 1 1 1 1 1

Vit. K 0.04 0.03 1 1 1 1 1

Vit. C 25 109 1 1 1 1 1

Thiamine 380 209 1 1 1 1 1

Riboflavin 1.4 0.35 1 1 1 1 1

Niacin 1.6 0.62 1 1 1 1 1

Pantothenic 
acid

7.5 0.33 1 1 1 1 1

1no changes during day of lactation, NA not available

Milk composition varies during the lactation period with decreases in protein, amino 
acids, Ca and P, but without any significant changes in lactose, fat or trace elements 
and vitamins (Tables 1.5 and 1.6).

Besides milk yield and milk composition, additional considerations are necessary 
to extrapolate the data into energy requirements, namely differences in digestibility 
of feedstuffs, metabolism of nutrients such as fat, protein or carbohydrates and the 
efficiency to convert digestible or metabolizable energy into milk energy. Similar 
adjustments have been considered for protein and amino acids to define requirements.

Furthermore, research suggests that lactation may increase mare’s maintenance 
requirement for energy and protein as basal metabolism such as feed intake, 
digestion processes and changes in maternal behaviour are higher in lactating mares 
than in horses under maintenance conditions.

I. Vervuert
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Table 1.6  Amino acid levels in mare’s colostrum and milk (according to Coenen et al. 2011)

Nutrient Unit per kg Colostrum Milk (mean)
Milk day of lactation
30 60 90 120 150

Leucine g 6.93 2.15 2.16 1.95 1.83 1.74 1.67
Lysine 6.87 1.72 1.73 1.56 1.47 1.40 1.34
Threonine 5.5 0.98 0.99 0.89 0.83 0.79 0.76
Valine 4.18 1.27 1.28 1.15 1.08 1.03 0.99
Phenylalanine 3.58 1.00 1.01 0.91 0.85 0.81 0,78
Arginine 3.44 1.19 1.20 1.08 1.01 0.96 0.92
Histidine 3.03 0.65 0.65 0.59 0.55 0.53 0.51
Isoleucine 2.40 1.04 1.05 0.94 0.88 0.84 0.81
Tryptophan 1.12 0.55 0.56 0.50 0.47 0.45 0.43
Methionine 1.05 0.50 0.51 0.46 0.43 0.41 0.39

Diets which do not meet the requirements will result in the utilization of endoge-
nous body stores of the mare to maintain milk yield and nutrient composition. 
Consequently, body weight losses will occur in the mare, but foal’s development 
remained unchanged in the first weeks of life by a constant milk yield and unchanged 
milk composition. However, longer periods of energy or protein deprivation in the 
lactating mare may result in growth retardation in the offspring as milk yield will 
decrease. Likewise, the over-supply of energy and protein to the lactating mare does 
not have consequences of foal’s development. It is speculated that excessive energy 
and protein intake of the mare may result in a higher milk yield but less energy dense. 
The mineral composition of the mare’s milk is less influenced by dietary modifica-
tions except for Se, and probably for I. For example, besides a high dietary Cu, Zn, Fe 
or Mn intake, these trace elements remained very low in mare’s milk. On the other 
hand, a high Se intake of the mare will increase Se levels in mare’s milk. Although 
data are missing, the same supplementation is assumed for I by a high I intake.

However little, data are available about the effects of different vitamin intakes and 
the corresponding vitamin levels in mare’s milk. Beta-carotene supplementation 
(1000 mg per day) to mares (470–560 kg BW) from 2 weeks before foaling until 
6 weeks after parturition increased β-carotene concentrations in mares’ plasma and 
milk. The daily oral supplementation of 2500 IU RRR-alpha-tocopherol during the 
last 4 weeks of gestation increased alpha-tocopherol content in mare’s milk and foal’s 
plasma, compared to a control group which was fed with Vitamin E below requirements.

1.4.1	� Practical Feeding

Lactation is a demanding situation as energy and protein requirements increase 
significantly compared to gestation. Furthermore, most broodmares are inseminated 
during the lactation period, usually in the first 30 days after parturition. Daily dry 
matter intake is high in lactating mares and varies up to 3 to 4% of BW. Because of 
the high dry matter intake capacity, the high energy and protein needs can be covered 
in whole or in part by forage-based diets. Parturition during springtime offers the 

1  Feeding of the Pregnant and Lactating Mare
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possibility for whole-day pasturing of the mare and her offspring. Lush pasture 
grass is rich in energy and protein. Considering a minimum dry matter intake of 3% 
of BW, a 600 kg mare will consume 18 kg dry matter or ~ 70 kg of grass based on 
fresh matter. In general, grass intake will cover energy and protein requirements of 
the lactating mare under the premise that grass is sufficiently available on the 
pasture. Alfalfa hay or early cut meadow hay are alternative forage sources with 
high to medium energy and protein levels. Extra energy can be provided by grains, 
vegetable oils or beet pulp (see Sect. 1.3). In addition, protein-rich feedstuffs such 
as alfalfa cubes, soybean and rapeseed meal, pea flakes, lupin or sainfoin are 
available for equine nutrition. As Ca and P requirements increase severalfold during 
lactation, a commercial mineral-vitamin supplement with fortified Ca (12%) and P 
(6%) levels should be added to the diet, especially in those diets which do not 
include alfalfa (or other legume species) as a forage source. Energy and protein-
dense compound feed claimed for lactating mares are available on the market which 
can be fed to substitute grains and a protein balancer. In most cases, mares 
(500–600 kg BW) fed a compound feed exceeding daily amounts of ≥2.5–3 kg do 
not need extra minerals and vitamins as compound feeds are supplemented with 
these elements. A salt block containing exclusively NaCl should be provided ad 
libitum. However, some foals tend to develop an excessive licking from the salt 
block; in those cases, the salt block should be replaced by table salt without I and 
without F (2–5 g/100 kg BW) which should be mixed in the mare’s crib feed.

The optimal body condition score needs to define in lactating mare, but data 
suggest that a score of 5–6 may provide sufficient energy stores during lactation 
period.

1.5	� Feeding of the Neo-Natal and Orphaned Foal

1.5.1	� Neo-Natal Foal

Birth is one of the most stressful periods for a foal. A foal weighs around 10% of its 
final body weight at birth (see Chap. 2) but is already fully developed with one of 
the most advanced skeletons in new-born mammals. In contrast, energy stores such 

Key Points
•	 Lactation is a demanding situation as energy and protein requirements 

increase significantly in comparison to gestation.
•	 Milk yield varies around 3% of BW in large breeds and 4% of BW in 

pony breeds.
•	 Peak lactation occurs in the transition between the end of the first and 

second month of lactation.
•	 Milk composition varies during lactation period with decreases in protein, 

amino acids, Ca and P, but without any significant changes in lactose, fat or 
trace elements and vitamins.

I. Vervuert
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Table 1.7  Assessment of 
colostrum quality (according 
to Knottenbelt et al. 2004)

Parameter Outcome
Colour Yellow
Consistency Thick, sticky
IgG levels ≥70 g/L
Specific gravidity by 
colostrometer

≥1.065

Sugar refractometry (BRIX type) ≥20%

as liver glycogen stores are minimal when compared to neonates of other species 
Ousey (2003). New-born foals that fail to ingest colostrum within the first hours of 
their life will become hypoglycaemic, hypovolaemic and hypothermic which is a 
life-threatening situation. Furthermore, a delay in colostrum intake will signifi-
cantly reduce immunoglobulin absorption which increases the risk of infection.

First colostrum intake should be at the latest within 2–4 h after the birth. Some 
studies showed that foal’s overall survival rate is higher when colostrum is provided 
by milking the mare’s colostrum and application by a bottle (200–250 mL) within 
the first 30–120 min postpartum. The volume of colostrum which should be ingested 
by the suckling foal depends significantly on the milk quality (Table 1.7) and the 
foal’s capacity to nurse. Ideally, 1.5–2 L of an adequate colostrum should be ingested 
within the first 4–6 h postpartum in a new-born foal of 50–60 kg BW. In total, foals 
consume about 15% of their BW as colostrum/milk during the first 24 h postpartum 
(approximately 8 L for a 50 kg foal).

Colostrum also acts as a laxative and stimulator of the gastrocolonic reflex; most 
foals will start to evacuate meconium (composed of intestinal secretions, swallowed 
amniotic fluid and cellular debris) within 1–2 h after birth, shortly after the inges-
tion of colostrum.

Colostrum quality should be checked by refractometer or colostrometer before 
the first suck (Table 1.7). In case of low IgG colostrum levels or missing colostrum 
by several conditions such as death of the mare, agalactia, or rejection of the foal by 
its dam, supplementation with donor colostrum is necessary to prevent failure or 
partial failure of passive transfer of immunity. Most stud farms collect and store 
colostrum by milking colostrum in highly productive mares within 2 h postpartum. 
Colostrum for a colostrum bank should have IgG levels ≥70  g/L and a specific 
gravidity ≥1.065. Storage in a freezer at −20 °C will sufficiently preserve IgG levels 
in the colostrum for 12  months. Furthermore, several charities also provide 
colostrum banks for emergency situations. However, farm colostrum banks are most 
specific with respect to antibodies to antigens or infection. Although equine colos-
trum is ideal, bovine colostrum might be an option in case of emergencies. An ade-
quate colostrum intake should be verified by analysing foal’s serum IgG levels 12 h 
postnatal by rapid testing methods. In case of low IgG levels, plasma therapy prefer-
ably from a donor adult gelding kept on the same stud farm for at least some months 
is necessary as the new-born foal is immunoincompetent. By 18–20 h postpartum, 
intestinal absorption of colostral antibodies is declining to zero; therefore, IV 
plasma therapy is requested.

1  Feeding of the Pregnant and Lactating Mare
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In the following, energy and nutrient requirements of the healthy new-born foals 
are covered by suckling up to 5–7 times per hour consuming up to 80–100 mL per 
suck within the first week of life (approximately 12–15 L for a 50–60 kg foal, Ousey 
et al. 1996). Studies show that each suckling bout lasts less than 2 min. Suckling 
frequency drops down during growth to approximately one suck per hour at a foal’s 
age of 6 months. Besides suckling, healthy foals start nibbling solid feed already in 
the first days of age, but with significant amounts from about 3  weeks of life. 
Information about nutrient requirements and feeding practice in foals are given in 
Chap. 3.

1.5.2	� Fostering

The management of an orphaned foal depends on the age at which the offspring 
loses its dam. A foster mare is an idle solution in foals younger than 2 months. 
Gentle and calm mares which have already raised several foals may exhibit prefer-
ential good maternal behaviour to orphan foals.

Assisted fostering by an experienced person may take several days, and several 
aspects should be considered as summarized in Table 1.8.

In case of successful fostering, the stage of lactation of the foster mare has to be 
considered as vitamin and mineral supplementation is recommended in foals from 
mare’s third month of lactation.

1.5.3	� Hand Rearing

Orphaned foals can be hand-fed by equine milk replacers which are offered by 
several feed companies. Equine milk replacer should contain 22% crude protein, 
15% crude fat and less than 0.5% of fibre to mimic crude nutrients in mare’s 

Table 1.8  Techniques for fostering foals (modified by Dini and Deals 2021,  Stoneham 2013, 
Knottenbelt et al. 2004)

Orphan 
foal Method

Foster 
mare Method

Withhold milk for 1–2 h prior to 
introduction to the foster mare

Foal died in the last 24–48 h

Covering the foal with the milk 
of the foster mare

Already in lactation for a few days
Similar adult size between mare and 
orphan foal
Induction of lactation by dopamine 
antagonist therapy (domperidone or 
sulpiride)
Hand grazing is preferred for the 
first introduction with the orphan 
foal
Easy access to food such as forage

I. Vervuert
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milk. Protein sources should consist of by-products from milk processing such as 
skimmed milk, casein or whey. Additionally, milk replacers are fortified with 
minerals and vitamins to cover foal’s nutrient requirements. In emergencies, 
either goat’s milk or cow’s semi-skimmed milk (2% of fat) with the addition of 
20 g/L dextrose can be used as short-term alternatives. Manufacturers of equine 
milk replacers provide guidelines on quantities and concentrations of milk 
replacer to be fed to the orphan foal. However, the intake of milk replacer should 
be gradually introduced over the first few days: 10–15% of BW in the first week, 
and subsequently up to 25% of BW. Thus, monitoring the weight and growth of 
the foal is necessary to avoid too fast growth. In the new-born foal, bottle feeding 
is recommended, but orphan foals should be adapted to a bucket as soon as 
possible. Hand-reared foals fed by a bottle may develop much more behavioural 
problems than bucket-fed foals as hand-rearing by bottle increases the human-
foal bonding.

One study (Stoneham et al. 2017) recommended that foals under 2 days of age 
should be fed hourly, and subsequently every 2 h for a further 12 days. Subsequently, 
the interval and milk volume can be increased gradually from the third week of life. 
Two to four weeks postpartum, a frequency of six meals seems to be tolerated 
without digestive disorders in most orphan foals. In older foals which already 
consume forage and creep feed, total daily amount of milk replacer up to 25% of 
BW can be provided into 3–5 meals without health issues such as diarrhoea. In 
general, milk replacer should be provided to the orphan foal at least until the third 
month of age, depending on the voluntary intake of forages and creep feed.

In line with mare-reared foals, grass or a good quality meadow hay should be 
provided since the first day of foal’s life. One-week postpartum, commercial creep 
feed can be offered to the orphan foal, fed individually. Weaning at 3–4 months of 
age is possible in case of consuming sufficient forage such as grass by grazing or 
meadow hay and a daily minimum intake of 1 kg (e.g. Warmblooded foals) of a 
compound feed labelled for growing foals (see Chap. 3).

As stated above, regular monitoring of body weight is essential. Similar growth 
rates and body condition scores can be expected in hand-reared foals, but hand-
reared foals tend to grow more rapidly than those foals reared by their dam.

Key Points
•	 Foals need a high-quality colostrum within the first 4–6 h postnatal.
•	 Higher survival rates in foals when first colostrum intake is provided by a 

bottle (200–250 mL) within the first 30–120 min.
•	 Colostrum quality should be checked by refractometer or colostrometer 

before the first suck.
•	 Equine milk replacers are commercially available by several feed 

companies.
•	 Foster mares or hand-feeding.
•	 Monitor growth rates of the foals.
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1.6	� Water Intake

Fresh clean water should be available ad libitum to the broodmare and foals. Daily 
water intake is significantly influenced by the type of diet, nutrient intake, exercise, 
ambient temperature, water temperature, individual factors and others. For example, 
water intake is higher when horses are fed a forage-based diet than adding grain to 
the diet.

According to studies, the mean daily water intake of a healthy horse under 
maintenance ranged from 40 to 67  ml/kg BW under thermoneutral conditions  
(see Chaps. 3 and 5). Pregnancy does not increase water needs in comparison to 
maintenance. Absolute water intake remained constant despite increasing BW dur-
ing pregnancy. During lactation, water intake will increase by 30–60% to compen-
sate water losses by milk. Additionally, water intake will increase by a higher dry 
matter intake of the lactating mares than during maintenance conditions by a rela-
tion of ~3 L water per kg dry matter intake.

Horses prefer to drink water from a bucket rather than from an automatic water 
dispenser. In case of a low water intake, water can be fortified with small amounts 
of sweet feed (e.g. 100–200 g compound feed in 20 L water) as horses prefer sweet 
feed-flavoured water compared with plain water.
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Abstract

The growth and development are influenced by heredity, gender, nutrition, and 
exercise. The growth rate of a foal is related to age and delays smoothly when the 
foals become older. Nutrition plays a major role among the environmental fac-
tors that influence growth and development. Foals that grow very fast are at 
increased risk of developmental orthopedic disease (DOD). Moderate growth 
rates may be preferred to minimize bone abnormalities in young horses. In addi-
tion, regular and plenty of exercise promote healthy growth and bone formation 
of young horses. The increase in total intestinal length is the greatest during the 
most rapid growth period of the foal, weeks 1 to 4. A relatively large decrease in 
small intestinal length and great increase in the large intestine happen between 1 
and 6 months of age when consumption of forage is increasing. The capacity of 
digesting structural carbohydrates through the suckling period is increasing and 
is fully competent around the time of weaning. The foal can degrade carbohy-
drates equivalent to that measured in adults from 1 month of age, and the nutrient 
digestibility values of younger horses are very similar to those observed in 
mature horses.

M. J. Fradinho (*) 
Centre for Interdisciplinary Research in Animal Health (CIISA), Faculty of Veterinary 
Medicine, University of Lisbon, Lisbon, Portugal
e-mail: mjoaofradinho@fmv.ulisboa.pt 

M. Saastamoinen 
Natural Research Institute Finland, Jokioinen, Finland
e-mail: markku.saastamoinen@luke.fi 

V. Julliand 
AgroSup Dijon, Dijon, France
e-mail: veronique.julliand@agrosupdijon.fr

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
M. Saastamoinen (ed.), Feeding and Management of Foals and Growing Horses, 
https://doi.org/10.1007/978-3-031-35271-3_2



24

Keywords

Growth rate · Growth modeling · Digestive tract

2.1	� Introduction

Breeders and trainers need to recognize the factors that affect the horse’s growth and 
development, as well as the critical stages of these phenomena, in order to individu-
ally feed and train safely a young equine athlete. In certain types of sport, the ath-
letic demands that are put on young, still-growing horses require to work them well 
above light exercise level. The most common breeds starting exercise early are those 
used mainly in the racing industry (e.g., Thoroughbreds, Arabians, Standardbreds, 
cold-blooded trotters, as well as quarter horses). Training a growing horse at a rela-
tively young age when its development is not finished may predispose it to orthope-
dic injuries. Indeed, its skeleton is not yet matured, and the ability of its 
musculoskeletal system to adapt rapidly to the increased training load is critical.

2.2	� Growth and Development

Growth refers to an increase in the live weight and body dimensions of an animal 
until adulthood is reached. At a cellular level, growth is due to an increase in the 
number and size of cells, as well as an increase of a layer of extracellular connective 
tissue. Growth rate is regulated by genetic factors, i.e., breed and individual differ-
ences. The range of heritability of growth and size measures is wide (0.22–0.88) 
and, depending on the body segment, can be quite high (e.g., height at withers). The 
expression of growth is also influenced by the environment. Among environmental 
factors, breeders’ goals and local management, including feeding practices, have 
been shown to have a large influence on the lifetime growth pattern of the horse.

Development is the change in the structure, form, and proportions of the body, 
that is, the formation of the body and the development of its functions. At its most 
basic level, development involves the coordinated regulation of cell proliferation, 
cell death (apoptosis), cell migration, and differentiation. Changes in the propor-
tions of the body mean that different parts have different rates of growth. In trotters 
and race horses, the age at the beginning of breaking, training, and competition may 
reflect its maturity. Based on these parameters, colts develop faster than fillies, but 
the effect of gender on development depends on the breed of the horse and increases 
as the foals get older.

In horses, like in other mammals, growth and development occur simultaneously, 
and animals grow and develop until they reach a certain stable point, i.e., adulthood. 
A strong genetic relationship (0.69–0.93) has been found between growth and rate 
of development in different growth periods. The development of horses can there-
fore be monitored by measuring their growth. A rapid increase in the length and size 
of various intestinal segments is associated with periods of rapid body weight gain.

M. J. Fradinho et al.
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The growth rate (usually measured by live weight expressed as mass unit per 
day) is influenced by age and delays smoothly when the foals become older. From 
conception to maturity, the pattern of equine growth can generally be described as a 
sigmoid curve. However, body weight (BW) and parameters that are more related to 
physical condition (e.g., chest width) show large variation in horses still growing. 
BW gain reflects generally the growth of all tissues. In turn, development of height 
at withers (HW), which is also applied for monitoring growth, is a measure of 
skeletal growth.

2.2.1	� Growth and Development before Birth

Several equations (power, exponential, and polynomial models) were proposed for 
predicting BW of the fetus from the day of gestation. During the first half of the 
gestation period, there is only a small increase in the weight of the fetus. The bigger 
increase in weight (around 75%) is observed in the last third of gestation whatever 
the model used (Fig  2.1A). The development in body length observed in 
Thoroughbred (aborted and stillborn fetus) and measured as crown-rump length 
appears to precede the increase in body mass and seems to be steadier from the 
beginning to the end of the gestation period (Fig 2.1B).

Fetal growth and development are influenced by maternal size. Studies based on 
crosses between horse breeds of different sizes showed that fetal growth can be 
either enhanced above or restricted below the normal genetic potential for the breed 
by varying maternal size. The rate and extent of fetal growth are also influenced by 
the area of placental interface, and birth weight is related with the mass, gross area, 
and volume of placenta.

Fig. 2.1  (A) Modeling of fetal body weight during gestation, considering foal birth weight as 
10% of the mare body weight after foaling, and mare body weight as 500 kg. Equations: (a) Fetal 
weight (as percent of birth weight) = 1 × 10−7 X3.5512 (NRC 2007); (b) Fetal weight (as percent of 
birth weight) = e0.0136 X (Coenen 2001); (c) Fetal weight (kg) = 17.38–0.2885 X + 0.001197 X2 
(Martin-Rosset et al. 2015) X = days of gestation. (B) Fetal growth observed in Thoroughbred 
(mean crown-rump length and body weight from 150 days to term of gestation (adapted from 
Platt 1978)

2  Growth and Development of the Horse
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2.2.2	� Growth and Development from Birth to Adulthood

When compared to newborns from other species, the foal seems to be more advanced 
in terms of growth. At birth, foals from light breeds (which includes most of the 
saddle horses) reach an average of 10% of their adult BW and 60% of their final 
withers height (HW) (Table 2.1).

During the first months after birth, growth rates are very high. For example, aver-
age daily gains (ADG) of 1.443 kg/day and 1.233 kg/day were observed, respec-
tively, in Thoroughbred and in a group of Anglo-Arab and “Selle Français” foals 
during the first month of life.

The weaning takes place usually between 4.5 and 6 months. At 6 months of age, 
the foal (of various breeds) has achieved approximately 85% of its HW and 45% of 
BW. After this age and depending on the breed and management conditions, ADG 
progressively declines until maturity.

The average percentages observed for HW and BW at 12 months of age for vari-
ous breeds are, respectively, 90 and 65, 95 and 75 at 18 months, and 95 and 90 at 
24 months. At the age of 18 months, when breaking and training usually begin, 
Thoroughbreds, Standardbreds, and coldblooded trotters have achieved approxi-
mately 95% and 75–80% of their mature HW and BW, respectively (Fig. 2.2).

The high percentages of mature HW observed from very young ages reflect the 
earlier development of the skeletal tissue. In fact, allometric coefficients obtained 
from the comparative slaughter method showed that bone, muscle, and adipose tis-
sue develop chronologically in this order, being respectively 0.74, 1.13, and 1.41. 
Moreover, considering different skeletal segments in the limbs, growth plates close 
earlier in the bones of the extremities (e.g., metacarpus) in relation to other bones, 
and occurs from ground up: the growth plates in the lower limbs close earliest, 
around 9–11 months of age, the knees and hocks around 24 months, and the shoul-
ders and stifles usually in the third year. In Chap. 6, the timing of the beginning of 
training relative to the closure of growth plates is discussed in detail.

Table 2.1  Body weight and height at withers of newborn foals from different saddle breeds

BW (kg) HW (cm) Breed Source
54–58 102–103 Thoroughbred Kavazis and Ott (2003); Brown-Douglas et al. 

(2005); Pagan et al. (2006); Elliot et al. (2009)
52 99.4 Finnhorse Saastamoinen (1990)
46 96.7 Arabian Çilek (2009)
57 – Hanoverian Vervuert et al. (2005)
53–55 – Anglo-Arab and 

“Selle français”
Bigot et al. (1988); Heugebaert et al. (2010)

52 – French trotter Heugebaert et al. (2010)
53 100 Standardbred trotter Sandgren et al. (1993))
52 100 Lusitano Fradinho et al. (2016)
38 90 Icelandic Skúlason (2010)
– 93 Mangalarga 

Marchador
Cabral et al. (2004)

BW body weight; HW height at withers
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Fig. 2.2  Proportions (%) of mature body weight (a) and height at withers (b) at standard ages for 
different horse breeds
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The growth and development of the horse to maturity usually continue to the age 
of 4 to 6 years, depending on the breed of the horse. Initially, the horse increases in 
height and later in width and depth. Bone growth in a horse usually ceases at the age 
of 5, but growth in some details of the body may continue even after this age. At this 
stage, the growth intensity of the horse’s BW and heart girth is higher than that of 
other measures. Height measures and cannon bone circumference have on average 
the lowest growth intensity until maturity.

Foals that grow very fast are at increased risk of DOD. Factors affecting the risk 
for bone growth disorders are breed, conformation, husbandry methods, and hous-
ing practices applied during the most critical growth period during pre- and post-
weaning. Also seasonal growth spurts may alter the foals to abnormal bone 
development. Slower growth has been observed in winter than in spring and sum-
mer, when growth accelerates on pastures. Modest growth rates may be preferred to 
minimize bone abnormalities in young horses. However, it is unlikely that an abso-
lutely smooth growth curve can be achieved because of many individual (genetic) 
and environmental (nutrition, moving, housing system, etc.) factors affecting the 
body growth and development.

2.3	� Factors Affecting Growth and Development

2.3.1	� Heredity

Growth and development are naturally determined by genetic factors. The individual 
genetic effect on body size and live weight is high, and huge differences can be found 
from small ponies to draft horse breeds (e.g., less than 150 kg in the Miniature horse 
or Shetland Ponies to 1100 kg in the Shire breed). Estimated heritability coefficients 
(h2) for morphologic traits vary according to the breed and to body size parameter, 
being particularly high for longitudinal segments such as height at withers. In litera-
ture reported, h2 values for HW range from 0.25 to higher than 0.80 depending on the 
breed. Heritability estimates for BW in growing horses vary a lot (0.13–0.90).

Genetic differences become more pronounced at the end of growth than at the 
beginning, when feeding practices and other environmental factors have a major impact 
on foals’ growth. Growth rate (and the protein content of the gain) is decreasing with 
increasing age, but those horses which grow faster during their first year of life show 
slower growth during the later growth periods. The preference for large size in certain 
selection programs may lead to rapid growth in the first year of the foal’s life, and vice 
versa, as there are quite high positive correlations between the growth rate of the first 
year of life and the adult size. In addition, also the gender of the foal effects the growth 
and body development, as well as the age and growth stage of the horse.

2.3.2	� Gender

Sexual dimorphism is reported both for growing and adult horses. At the adult age, 
stallions are on average 10% heavier than mares. In growing horses, whatever the 
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breed, males are heavier and have bigger body measurements than females, the dif-
ferences increasing with age.

2.3.3	� Nutrition

Nutrition plays a major role among the environmental factors that influence foals’ 
growth and development (see Chap. 3). Also, the birthweight correlates with the 
BCS of the dam, obese mares having heavier foals. In suckling foals, the growth 
performance appears to be influenced by mares’ BCS changes due to their feeding 
status during the first 3 months of lactation, with lower growth rates observed in 
foals whose dams presented negative BCS changes throughout this period. Later, 
foal’s body weight and body size increase with feed intake level and are influenced 
by the foal’s diet, namely by the type and quality of forage or concentrate composi-
tion. Foals’ digestive capacity is also linked with gut development (see Sect. 2.6).

The birth date effects on the foal’s growth and development during its first year 
of life. This is closely related to mare’s and after weaning foal’s nutritional status 
and feeding management (e.g., pasture availability, feed quality). For example, 
Thoroughbred foals born in the USA in January and February have been observed 
to have lower BW than foals born in March, April, and May during the first 3 months 
of age, but these differences disappear at 5 months of age, which can be explained 
by an increase in the ADG of the lighter foals coinciding with spring pasture growth 
in April. In northern latitudes, the most beneficial birth month for the foal’s develop-
ment is May, when the horses can benefit from the grazing (high-quality grass, 
increased free exercise) both during their first and yearling years. Respectively, in 
many studies, the slowest growth has been reported to be in foals born in late sum-
mer and thereafter because of poor availability of pastures and soon after foaling 
beginning of indoor feeding period. Further, in cold environments, young horses 
need additional energy for maintenance, and this energy is not available for growth, 
resulting in slower growth rates (see Chap. 3).

Development can occur even if growth slows down due to an inadequate nutri-
tion. Compensatory growth usually happens when growth is restricted under the 
genetic potential. If growth is reduced by restricted energy intake, this may result in 
compensatory growth at later stage. Compensation of reduced growth during winter 
feeding season will occur on pasture, when herbage production and quality increases, 
and horses can move freely. However, the ability to undergo compensatory growth 
will decrease with age (see Chap. 3).

2.3.4	� Exercise

Free or organized (breaking, training) exercise promotes the growth and bone for-
mation of young horses. The positive effect of exercise and early training on bone 
health and strength as well as muscles has been reported in many studies in racing 
breeds (see Chap. 6). Breaking and training should begin while the horse is still 
growing, when the horse’s body (bones, muscles) is sensitive to training effects. For 
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example, Thoroughbreds horses reach 94–98% of their final HW already at the age 
of 2 years (Fig. 2.2a). Thus, the increase in their bone length practically ends at the 
age of 2 years, but the load, or exercise, causes bone growth and development as 
bone activity increases, and the horse’s size still increases slightly (the remaining 
percentage of adult size). Starting the training and competition career at a young age 
has been shown to be beneficial for horse development and competitive success, too.

2.4	� Modelling Growth and Development

Growth patterns have been described using linear regression models, including the 
quadratic effect of time. However, for longer periods and for larger volume of data, 
models which are nonlinear in their parameters adjust better to data and, usually, 
have an easier biological interpretation. The most accurate sigmoid model that has 
been successfully used to study BW and HW growth in Thoroughbreds and other 
sport horses was the Richards function.

Although horse breeds, e.g., heavy cold-blooded, warm-blooded, and thorough-
breds, differ in type and size, their growth could be quite similar in their general 
shape (Fig. 2.2). However, due to environmental influences, differences in the pat-
terns of growth can be observed, also within the same breed. Growth dynamics and 
mechanisms have been studied and reported for some horse breeds (e.g., 
Thoroughbreds, Standardbred, cold-blooded trotters, warmblood, Selle français, 
and the Lusitano). Thoroughbreds mature more rapidly than cold-blooded horses 
(e.g., Finnhorse and Swedish and Norwegian trotters) which are considered slowly 
developing breeds. Standardbred trotters achieve their adult size and maturity about 
1 year later than Thoroughbreds. Consequently, the maturing is not really finished 
when trainers put the horses under a rider or in front of the sulky and start to train 
them. In spite of that, in different breeds, including the so-called slow-growing ones 
(for example cold-blooded horses, Icelandic horse), the closure of growth plates 
occurs at approximately the same age, with an average age of 25–31 months. This 
between-breed similar pattern concerning skeletal development supports the obser-
vations of comparable growth rates in HW among different type of horses (Fig 2.2a).

There is a negative relationship between developmental rate (adulthood rate) and 
adult weight, i.e., large animals are slow-growing and -developing. Thus, the selec-
tion of large animals at different stages of growth increases the size of the animals 
but not their rate of development. In addition, individuals of big (adult) size are 
growing and developing slower than their smaller contemporaries.

Studies show that the individual conformation of the horse has been found to 
take shape at an early age. Three intensive stages in horse growth can be distin-
guished: the first months of life (4–6 months), from weaning to about 1 year of age 
(10–12 months), and growth after puberty (up to 2 years of age). Although with a 
great variability, horse reached the puberty at 10–12 months of age (males being 
less precocious than females). However, the onset of puberty varies with breed, 
season of birth, photoperiod, and nutrition.
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Key Points
•	 The growth rate is influenced by age and delays smoothly when the foals 

become older.
•	 At birth, foals from light breeds average 10% of their adult BW and 60% 

of their final withers height (HW). At 6 months of age, the foal has achieved 
approximately 85% of its HW and 45% of BW. After this age and depend-
ing on the breed and management conditions, ADG progressively decline 
until maturity. At the age of 18 months, Thoroughbreds, Standardbreds, 
and coldblooded trotters have achieved approximately 95% and 75–80% 
of their mature HW and BW, respectively.

•	 The growth and development are influenced by heredity, gender, nutrition, 
and exercise.

•	 There are quite high positive correlations between the growth rate of the 
first year of life and the adult size. The preference for large size in certain 
selection programs may lead to rapid growth in the first year of the foal’s 
life, and vice versa.

•	 In growing horses, whatever the breed, males are heavier and have bigger 
body measurements than females, the differences increasing with age.

•	 Nutrition plays a major role among the environmental factors that influ-
ence growth and development. Compensatory growth usually happens 
when growth is restricted under the genetic potential. If growth is reduced 
by restricted energy intake, this may result in compensatory growth at 
later stage.

•	 In suckling foals, the growth performance appears to be influenced by 
mares’ BCS changes due to their feeding status during the first 3 months of 
lactation, with lower growth rates observed in foals whose dams presented 
negative BCS changes.

•	 Regular exercise promotes the growth and bone formation of young horses. 
The positive effect of exercise and early training on bone health and 
strength as well as muscles has been reported in many studies in racing 
breeds (see also Chap. 6).

•	 Growth patterns have been described by several models, including the qua-
dratic effect of time. However, nonlinear models adjust better to data and 
may have an easier biological interpretation. The most accurate sigmoid 
model that has been successfully used to study BW and HW growth sport 
horses is the Richards function.

•	 Foals that grow very fast are at increased risk of DOD. Moderate growth 
rates may be preferred to minimize bone abnormalities in young horses. 
Although horse breeds differ in type and size, their growth could be quite 
similar in their general shape.

•	 It is unlikely that an absolutely smooth growth curve can be achieved 
because of many genetic and environmental factors affecting the growth 
and development.
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2.5	� Gut Development

Accompanying visible external changes of growth and development, the foal intes-
tinal tract will undergo both anatomical and physiological modifications.

2.5.1	� Anatomical Changes

From 1 to 4 weeks of age, which corresponds to the period of the most rapid growth of 
the foal, the increase in total intestinal and small intestinal length is the greatest. The 
highest lengthening of the small intestine may increase the mucosal surface area for 
lactose digestion and absorption of galactose and glucose in response to the increased 
milk consumption during this period. Later, the relatively large decrease in small intes-
tinal length corresponds to a great increase in the large intestine (caecum, ascending 
ventral and dorsal colon, and descending small colon) between one and 6 months of 
age. These modifications occur in parallel with the increase in time spent foraging, 
which rises the amount of forage consumed, therefore enhancing the ingestion of struc-
tural carbohydrates. The development of the caecum and colon probably provides 
larger fermentation compartments necessary for the microbial digestion of the struc-
tural carbohydrates. However, the ventral colon has few haustra in the suckling foal 
contrary to the weaned animal. Since the digestion of milk is presumably completed in 
the stomach and small intestine, the suckling foal has little need of large fermentation 
compartments. On the contrary, in the weaned foal, well-marked and characteristic 
haustra are seen in the ventral colon and in the dorsal colon even if fewer than the ven-
tral colon. This may be evidence of the functional activity of those fermentation com-
partments as the weaned foal ingests a larger amount of structural carbohydrate.

The specific factors initiating the change in function of the different parts have 
not been defined. It seems reasonable to assume that pituitary, adrenal, thyroid, and 
gastrointestinal hormones play some role in gastrointestinal differentiation in 
horses, similar to the situation in other species.

2.5.2	� Transit Changes

In the suckling foal, the stomach contents appear predominantly liquid. The gastric 
emptying is delayed compared with the weaned foal. Similarly, the small intestinal 
transit time is slower while the ventral colon empties more quickly than that of the 
weaned foal. In the weaned foal, the transit of feeds is quicker through the stomach 
and small intestine and feeds were shown to reach the caecum and right ventral 
colon within two hours after feeding. In the ventral colon, the transit of feeds is slow 
from the right to the left ventral colon. This probably allows the digesta to be sub-
jected to a thorough mixing.

Interestingly, the overall time for intestinal passage of a meal before and after 
weaning was reported to be very similar to the time required in adult horses. It can 
be concluded that there must be a significant increase in rate of ingesta flow during 
life in horses to match increases in intestinal length (Table 2.2).
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Table 2.2  Proportions (mean percentage) of small intestine, caecum, ascending colon and 
descending colon, and total intestinal length (m) observed in horses during development (adapted 
from Smyth 1988)

Age class 
(days)

Small 
intestine (%)

Caecum 
(%)

Ascending 
colon (%)

Descending 
colon (%)

Total intestine 
length (m)

150–329 76.1 2.8 10.6 10.5 5.7
330–346 81.1 2.0 9.1 7.8 11.1
347–505 80.3 2.5 9.9 7.2 14.1
+ 506 73.6 3.5 12.5 10.3 21.8

2.5.3	� Enzymatic Changes

Significant differences occur in the foal stomach with postnatal age. In the new-born 
foal aged 1 day, plasma concentrations of gastrin are low, which limits the secretion 
of hydrochloric acid in the stomach and is propitious for the protection and absorp-
tion of immunoglobulins in the small intestine. Plasma gastrin after feeding rises in 
foals aged 2–7  days and may be caused by increased feed intake. This gastrin 
increase induces changes in gastric pH that is high in acidity in newborn foals and 
decreases from the second day and within the first 3 months of life. This may pre-
vent protein degradation by pepsinogen, as pepsinogen is active optimally in the pH 
range 1.8–3.0.

Two enzymes with lactose hydrolyzing activity have been measured in the small 
intestine of the foal: neutral beta-galactosidase, which has the highest activity, and 
acid beta-galactosidase. The maximal level of both beta-galactosidases is reached at 
the foal birth. By 15 weeks of age, the high birth level decreases to the range of 
activity recorded subsequently along the small intestine throughout the horse’s life. 
The pattern of lactase development reflects the capability of the foal to utilize lac-
tose, the principal source of energy at birth and in the immediate perinatal period. 
Other enzymes with disaccharide hydrolyzing activity have been detected in the 
small intestine of the foal: maltase, sucrose, trehalase, and glucoamylase all classi-
fied as alpha-glucosidases. Their activity is low at birth, there is a steady increase 
during the suckling period to reach adult levels after weaning. This pattern of devel-
opment indicates the increasing capability of the young animal to digest other car-
bohydrates through the suckling period to become fully competent at, or around, the 
time of weaning.

The enzymatic digestion of carbohydrates is unlikely to be of any importance in 
the large intestine. In this part of the gastrointestinal tract, microbial digestion 
will occur.

2.6	� Gut Microbiota Establishment and Nutrient Digestion

The microbial colonization of the foal gastrointestinal tract is a crucial stage in the 
life of an individual because it shapes the microbiota structure and function of the 
young, future adult.
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2.6.1	� The Sequential Process of Microbial Colonization

The microfauna composed of ciliated protozoa colonizes the large intestine in small 
quantities from the 11th or 12th day of life. Microscopic observations suggest that 
the fungal microflora would also be implanted before the second week of life. 
Bacteria colonization is better documented and shows that the most important 
changes in the foal fecal bacteria occur between birth and the second day of life. 
The number of total anaerobic bacteria increases sharply as well as the bacterial 
biodiversity. Some species of pioneer bacteria are transient such as Escherichia and 
Bacteroides whose abundance drops drastically later. Other pioneer genera establish 
definitively, such as enterococci, enterobacteria, lactobacilli, streptococci, staphylo-
cocci, and clostridia, which have been counted in the feces of 24-hour-old foals.

The bacteria that colonize the gastrointestinal tract of the young foal are of 
maternal and environmental origin. As the foal does not consume its mother’s feces 
in the first 24 h of life, coprophagy would not be essential for the establishment of 
bacteria in the gastrointestinal tract of the foal in the first days of life. The great 
similarity between the bacterial species (OTUs) present in the mother’s milk and in 
the feces of the foal at 48 h and at 1 week of life suggests a very strong imprint of 
the milk diet in the colonization of the large intestine during the foal’s first days 
of life.

Within the first 24 h of life, bacteria have the capacity to hydrolyze starch and 
lactate. Amylolytic bacteria identified in the young foal’s feces belong to the genera 
Bacillus and Lactococcus that can hydrolyze lactose, galactose, and glucose from 
milk in the large intestine to produce lactic acid. Lactic acid is then degraded by 
lactate-using bacteria, resulting in the production of short-chain fatty acids whose 
fecal concentration at 48 h of life was twice higher in foals than in their mother.

Between 4 and 6 weeks after birth, the populations of bacteria and fecal protozoa 
of the foal increase and diversify very rapidly to reach maturity and resemble those 
of maternal feces. These changes in the structure of microbial populations accom-
pany the establishment of new digestive capabilities such as the degradation of cel-
lulose and hemicelluloses. This results from the evolution of the foal’s diet.

2.6.2	� Implementation of Fibrolytic Function

Bacteria capable of degrading plant parietal fibers such as Fibrobacter succinogenes 
appear in the large intestine of the foal between the second and fourth day depend-
ing on the individual and their concentration increases significantly on the fifth day 
to reach an average of one hundred colonies per gram of feces. There is a correlation 
between cellulolytic bacteria, F. succinogenes, and the live weight of foals, which 
suggests the major role of fibrolytic bacteria in the digestion of parietal carbohy-
drates into essential nutrients for foal growth. In vitro studies reported that the fecal 
microflora of the foal has the capacity to degrade parietal carbohydrates equivalent 
to that measured in adults from 1 month of age.
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Studies comparing digestibility in growing horses at various ages and in adult 
horses showed that digestibility values of younger horses are very similar to those 
observed in mature horses and that no big changes happen during the foal’s growth. 
This suggests that weanlings can properly digest their forage-based diets.
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3Nutrition and Management at and after 
Weaning

Séverine Henry and Markku Saastamoinen

Abstract

Weaning is considered as one of the most stressful events in a domestic foal’s life. 
Artificial weaning takes place generally several months prior to the “biological” 
age of weaning when foals are still in close relation with their dams. Particular 
attention should be paid to the foal’s diet both before and after weaning because 
weaning is most often associated with weight loss of the foal. During the first 3 
months of the foal’s life, mare’s milk covers the most part its nutritional require-
ments, and intake of solid feeds increases gradually when mare’s milk production 
decreases. After weaning, regulated individual and balanced feeding is an impor-
tant factor to prevent the risk for bone abnormalities. Foals fed ad libitum and 
excess energy have often a higher occurrence of conformational and musculoskel-
etal abnormalities than those fed with restricted diets. Weanlings are sensitive to 
protein level and quality, and young growing horses require high-quality protein 
responding. Increased growth in response to an increasing dietary protein level can 
only occur when essential amino acids are the limiting nutrients for growth. 
Mineral intake alone does not increase the bone density, but mineralization and 
bone formation happen only when young horses are exercised and loaded regularly.
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3.1	� Introduction

Young horses go through key periods from the time of birth to early adulthood, 
including weaning. There is a large variety of horse breeders and breeding farms 
with different practices and compromises in terms of animal management and feed-
ing and breeding practices. Weaning event is experienced differently between foals 
raised in socially natural groups and those raised in domestic environment. Without 
human interference, the weaning takes usually place around the age of 9–11 months 
and is strictly alimentary. Under domestic conditions, most foals are weaned artifi-
cially, at a relatively young age, and the breaking of the mare-foal bond associated 
with the cessation of suckling is often abrupt. Under such conditions, weaning is 
recognized as an important source of stress with immediate and long-lasting delete-
rious effects. After weaning, growth of the foals is regulated both by genetic and 
environmental factors. The genetic effects are reflected in differences between breed 
and individuals. This has to be kept in mind when assessing the nutrient require-
ments of the young horse. The growth and body development of foals is influenced 
more dominantly by energy and protein than other nutrients. In this chapter, recom-
mendations for attenuating weaning stress and improving welfare of young domes-
tic horses, as well as nutritional needs for healthy growth, are discussed.

3.2	� Weaning and Feeding Practices: Foal’s Behavior 
and Well-being (Séverine Henry)

3.2.1	� Lessons from the Wild: A Point on the Development 
of Foals under Natural Conditions

Because horses have evolved for a long time without human interference (equine 
history began about 55 billion years ago, whereas horses were probably domesti-
cated only 5500 years ago), it is essential to know the “normal” development of 
foals and young horses under naturalistic conditions in order to better understand 
why some husbandry practices may be inappropriate and lead to problematic issues.

Under (semi-) natural conditions, foals are raised within stable family groups 
usually composed of their mother, one family stallion (often their father), older 
siblings (up to 2–3 years of age), unrelated mares and their sexually immature off-
spring. Young horses thus develop within a rich social network which is essential to 
the behavioral development of foals and in particular to the acquisition of social 
skills. Social organization in horses living under natural conditions relies mainly on 
stable affinities between individuals (characterized by spatial proximity, each indi-
vidual usually having 1 to 2, rarely 3 preferred spatial partners) and knowledge of 
the hierarchical status of all group members, thus reducing aggressiveness and 
social tensions.

Within their natal group, the first social bond foals form is with their dams, with 
first mother-young interactions taking place soon after birth. Foals are relatively 
mature from the moment of birth, being able within the first few hours to walk and 
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follow their dams. During the first month of life, foals are largely dependent on their 
mothers as maternal milk represents their only source of nourishment: they suckle 
an average of 3–4 times per hour, which represents nearly 8% of their time budget 
and remain at close distances (within 5 m) from their dams more than 90% of the 
time. As foals mature and milk nutrient composition changes during the lactating 
period, mother’s milk as a nutritional resource is gradually replaced by the ingestion 
and digestion of solid food. From the age of 2–3 weeks, foals begin to ingest solid 
foods and diversify their diet while continuing to suck maternal milk. Time spent 
grazing increases steadily: between 1 and 4 months of age, the time devoted to graz-
ing in the daily time budget increases by 7 to 25%, reaching more than 40% by the 
age of 6 months, and 60% (which corresponds to the adult time-budget) by the age 
of 10 months. At the same time, the duration and frequency of suckling decrease 
with age, with a very clear drop between the first (8%) and second month of life 
(~3%). Time spent suckling varies very little thereafter: it still occurs one to two 
times per hour (~2%) until 7 months of age and then approximately once every two 
hours (~1%) until weaning. At this point, suckling is probably an important form of 
social interaction with the mother, as the percentage of total nutrients provided by 
maternal milk is then low. Transition from a milk diet to a solid diet is very progres-
sive, allowing a gradual adaptation of the foal’s digestive system (see Chap. 2) and 
is facilitated by the maternal model, as foals quickly mimic the grazing behavior of 
their dams. Mares encourage also their foal to orient toward solid foods by rejecting 
some of their suckling attempts usually as soon as they are 4–5 months old. Beyond 
the increasing dietary independency over time, foals as young as 3 weeks old start 
interacting with other group members, particularly same-age peers and older sib-
lings and gradually spend less time within the close proximity from their dams even 
though their mothers will remain their preferred social partner for a long time.

Weaning in free-ranging situations is a progressive process resulting in a gradual 
reduction in milk intake combined with increased intake of solid food and increas-
ing social independence from the mother. The final stage of the weaning process is 
though still quite unknown as few studies have been done at the later stages of the 
lactating period. Weaning occurs at variable ages, generally between 9 and 
11 months, according mainly to the timing of arrival of the mother’s next offspring 
when the mother generally prevents the foal from suckling. But it has been anecdot-
ally reported that yearlings can still suckle their dams time to time in addition to 
their younger siblings or that, in the case of the death of the new foal, some mares 
continue to nurse their older young much longer. While the age at weaning does not 
seem to depend on the sex of the foal, several factors of variation have been identi-
fied, such as the present (i.e., pregnant/non-pregnant) or previous reproductive sta-
tus (i.e., with/without yearling) of the mare, and in some cases her previous maternal 
experience (i.e., primiparous/multiparous). For example, mares that do not expect a 
new foal or did not have a foal in the previous year usually allow their offspring to 
suckle longer. Other factors such as the availability of food resources or the mater-
nal body condition have also been reported.

In any case, “natural” spontaneous weaning only concerns nutrition with the 
mare-offspring social bond lasting much longer after the end of the suckling period. 

3  Nutrition and Management at and after Weaning



42

Opportunities to interact with a variety of partners (i.e., siblings, peers, related and 
unrelated adult horses) continue to intensify at that stage and are assumed to be 
important in learning appropriate social behaviors, particularly inhibition of aggres-
sion. For instance, it was found in natural family groups of Przewalskii horses that 
the overall rate of aggression toward peers in 1-and-2-year-old horses was nega-
tively correlated with adult-young ratio, meaning that adults inhibit agonistic inter-
actions among young horses. The mother remains a preferential partner until 
juveniles leave at puberty their natal group around the age of 2 to 3 years. After 
dispersal, young mares join reproductive units while young stallions join a bache-
lor group.

3.2.2	� Ontogeny under Domestic Conditions

3.2.2.1	� A Quick Overview
What foals experience in the domestic situation is of course drastically different 
from the wild. Under domestic conditions, even if the mother-offspring bond is rela-
tively preserved, some changes from the natural situation can be noted: among the 
most common, one can cite a less diversified social environment (e.g., absence of 
the father, siblings and older peers) and human interference around the mother-
offspring bond which are often numerous especially at birth and during artificial 
weaning.

3.2.2.2	� Artificial Weaning of Domestic Foals and its Consequences
Because of human convenience or tradition, weaning under domestic conditions 
differ from the natural process in several important ways. Artificial weaning, which 
is a common practice, is usually performed abruptly and accompanied by complete 
separation from the dam (meaning that foals are separated from their dams with no 
visual, olfactive or auditory contact and the pair will not be reunited). In addition, it 
generally takes place several months prior to the “biological” age of weaning when 
foals are still in close relation with their dams: most foals are weaned from their 
mother when they reach the age of 6–7 months, or even sometimes at 4 months age. 
Lastly, newly weaned foals often faced a wide variety of stressors in addition to the 
cessation of suckling and the breakdown of the mare-foal bond, which may include 
social disruption (e.g., social isolation, mixing with unfamiliar peers), physical 
environment changes (e.g., confinement, relocation, a new enclosure), dietary 
changes and increased human interventions.

Under such conditions, weaning is considered as one of the most stressful 
events in a domestic foal’s life. It results in high levels of stress, with the expres-
sion of intense behavioral responses, including according to several studies long-
distance whinny calls, active locomotion (trot, canter) and alertness postures, 
associated with elevated heart rate, increased glucocorticoid levels and a decline 
in body weight gain and growth rate. The well-known behavioral stress reactions 
mentioned above usually peak within the first 2 days following weaning prior to 
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vanishing, suggesting, probably wrongly, that newly weaned foals adapt to the 
situation quite quickly. One has to consider that the rapid decline in general 
activity may rather be due to a state of tiredness or exhaustion following a par-
ticularly intense and lasting stressful situation. A few days after weaning, foals 
can be observed most of the time with half-closed eyes and low postures while 
walking slowly, but almost continuously. It is worth noting that cortisol levels 
have been found to remain elevated (compared to levels measured prior to wean-
ing) until at least a month after the weaning day, while other behavioral changes, 
such as altered feeding and sleep patterns, suspension of play, high levels of 
aggression towards peers (if weaned in pairs or groups), but also expression of 
redirected sucking activities, wood-chewing, licking and chewing of fences or 
walls stemming from frustration, can also be observed for longer periods. 
Additionally, artificial weaning leads to chronic problems. Thus, hypercorti-
solemia leads not only to a decrease in the immune response and therefore to 
higher risk of infectious diseases, but also has a negative impact on the matura-
tion of the intestinal microbiota, which can lead to the potential proliferation of 
harmful microorganisms such as Escherichia coli. Lastly, numerous scientific 
studies point out that early weaning is a major risk factor for the development of 
stereotypies due to the impossibility of expressing highly motivated behaviors. A 
study investigating the development of stereotypical behavior in young horses 
found that 34% of the 225 foals studied had developed in the following post-
weaning months some forms of abnormal repetitive behavior, which included 
crib-biting and box walking. The common practice of artificial weaning is there-
fore seriously detrimental to the well-being of foals.

While the impact of artificial weaning on foals has been widely examined, little 
is known about its effects on breeding mares. The few studies looking at the behav-
ioral reactions of mares showed that artificial weaning is also a stressful time for 
them (characterized above all by alert postures, increased rate of neighing and 
increased locomotion). It is also assumed that most mares (especially those who 
have foaled in past years) calm down more quickly than their foal. But a recent work 
conversely highlighted that levels of cortisol remain high at least until a month fol-
lowing weaning. In addition, drying-off mares are also at risk to suffer from mastitis 
(i.e., infection and inflammation of the udder) up to 8 weeks postweaning, espe-
cially when weaning is performed during the summer. Additional investigations 
therefore seem necessary to better understand the consequences of artificial wean-
ing on mares, especially since in most breeding farms mares are breeding each year 
and are therefore usually expecting a new foal at the time of weaning. One has to 
consider that artificial weaning, if perceived negatively by mares, may indirectly 
impact the unborn foal. There is in other mammalian species a growing body of 
evidence relative to the long-term negative consequences of maternal stress during 
pregnancy on the development (e.g., cognitive and socio-emotional development) 
of the unborn.
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3.2.3	� Strategies Used to Reduce Artificial Weaning Stress 
in Foals

Different approaches have been examined to reduce the negative effects associated 
with early artificial weaning in foals. Weaning method, type of feeding, social con-
text, and physical environment in which weaning occurs have been studied as mod-
ulators of the intensity of stress responses in foals.

3.2.3.1	� Preparing the Foal: Food Transition and Familiarization 
with its Surroundings

From a dietary point of view, weaning corresponds to the cessation of maternal milk 
consumption and the passage to solid, high fiber feeds, mainly grass and other for-
ages. A way to limit the stress associated with artificial weaning is to prepare foals 
for this food transition in order not only to limit stress reactions at weaning, but also 
to avoid digestive problems which can disturb the correct growth and development 
of the foal. It is thus preferable to keep the same food that was fed to supplement 
(e.g., grass, hay, concentrates) dam’s milk. Additionally, it is recommended to favor 
before weaning a diet rich in lipids and fibers rather than a diet high in soluble car-
bohydrates (starch, sugars), e.g., grains. Not only it attenuates weaning stress reac-
tions, but also reduces the reactivity of weanlings when exposed to new people and 
unfamiliar objects. Similarly, keeping foals at grass prior and after artificial weaning 
can help foals better handle the stress of weaning, especially if kept in presence of 
calm adult horses who will prevent the typical decrease in time spent grazing in the 
post-weaning days or weeks. However, this is not possible in the northern latitudes 
where the foals are usually weaned in late autumn or early winter. Moreover, foals 
raised before weaning on pasture supplemented with hay and a pelleted concentrate 
providing phosphorus, zinc, copper and iron supplements neigh less eat more and 
have lower cortisol levels after weaning compared to foals raised on pasture supple-
mented with hay only.

Similarly, to decrease stress to the foals at the time of weaning, they should 
remain in the environment where they were raised and with at least the familiar 
same-age peers, to avoid any additional stress associated with novelty (relocation, 
loss of social partners other than their dam). Deworming, vaccination and castration 
should rather be delayed as well or done prior to artificial weaning if possible.

3.2.3.2	� Weaning Methods: Is there a Better Way to Artificially 
Weaned Foals?

There are a variety of weaning methods used in the horse industry, but the most 
widely used today is the forced, abrupt and complete physical separation of foal and 
mare. As an alternative to this traditional abrupt method, progressive weaning has 
been suggested with the assumption that mares and foals could get progressively 
habituated to be separated before permanent separation. It consists of either short 
episodes (10 min) of total separation from the mother repeated before definitive 
separation, or a gradual increase in the time (from 15 min to 6 h during the last week 
before weaning) of partial (with visual, auditory and olfactory contact), then total 
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separation from the mother over a period of several weeks prior to weaning. 
However, it is difficult to draw a definitive conclusion on the effects of progressive 
weaning based on only a few studies.

On the one hand, repeated separations from the mother prior to weaning appear 
to sensitize foals to the stress of permanent maternal separation, resulting, as com-
pared to foals abruptly weaned, in greater stress responses the day after weaning 
when the duration of maternal separation becomes longer than usual. On the other 
hand, progressive weaning seems to have some benefits (i.e., lower rate of whinnies 
and locomotor activity on the day of weaning, lower cortisol levels on the day after 
weaning), but unfortunately no behavioral data have been collected in studies on the 
day after weaning (when the duration of maternal separation exceed 6 h and becomes 
unusual) to confirm the beneficial effects in foals. Further, progressive weaning 
seems to be ineffective in preventing both a significant decrease in average daily 
weight gain in the first post-weaning week and elevated cortisol levels over the first 
post-weaning month. Lastly, repeated separations of mares and foals before wean-
ing, if stressful, could inhibit the proliferation of bacterial species adapted to a 
cereal-based diet due to the sustained release of stress hormones.

Fence line weaning is another gradual method, where dams and their foals are at 
first separated by a fence allowing auditory, visual and nose-to-nose contact. Study 
results indicate that foals weaned this way exhibit fewer signs of stress than those 
weaned by abrupt separation, but information is missing on reactions of foals when 
mares are moved completely away, as well as on the risk of mastitis in mares (the 
decrease in milk production may be delayed as they are still in partial contact with 
their foals).

Lastly, a recent study investigated the effect of a two-stage weaning method in 
which foals are prevented for several days from suckling with the use of an udder 
cover on the mare (nutritional separation) before being separated from their mother 
in a manner similar to the abrupt method (physical separation). During the first 
stage, no significant behavioral and physiological changes were scored in foals, but, 
as soon as mares were removed, classical signs of stress were exhibited.

Taken all together, the alternative methods to the traditional abrupt method 
appear, at least for some of them, to have limited benefits, and even sometimes can 
lead to effects opposite to those desired. This may be due to the fact that such meth-
ods, like abrupt weaning, do not mimic the natural temporal dynamics of the dam-
foal bond and therefore can be as stressful as an abrupt maternal separation. 
Termination of physical contact between the dam and its foal is not a normal com-
ponent of weaning in horses, which may explain why the main stressor associated 
with artificial weaning is not the cessation of milk intake, but the permanent separa-
tion from the mother.

3.2.3.3	� Weaning Recommendations Concerning Social Context 
at Weaning

The social context has a strong influence on the stress reactions of newly weaned 
foals, which is not surprising since they experience social distress at the time of 
weaning. The highest short-term stress reactions are observed for foals weaned 
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alone in stall boxes, not to mention that confinement is also well known to favor the 
expression of aberrant behaviors ranging from occasionally pawing to frequently 
licking stall walls, and the development of stereotypic behaviors. When paired in a 
box with a peer, foals often exhibit less signs of stress (e.g., decreased rate of whin-
nies) and are less at risk to develop abnormal behaviors, but aggressions do arise 
and can lead to injuries or even additional stress. It is therefore important to con-
sider social preferences when pairing to increase social tolerance, as well as to pro-
vide enough space to allow some social distancing, otherwise weaning in pairs may 
be more stressful than weaning alone. Weaning in a group in a paddock results in 
lower indicators of stress and facilitates a more rapid return to normal activity than 
social isolation in box stalls, even though, as in foals weaned in pairs, redirected 
sucking behaviors toward herd mates inevitably emerge. While the presence of 
same-age peers clearly helps to better cope with artificial weaning, other practices, 
such as the progressive retrieval of mares from the group or the introduction of adult 
horses with the weanlings, lead to even lowered expressions of stress, suggesting 
that the presence of adult models, either familiar or not, plays a key role.

Above all, introducing socially experienced adults in groups of weanlings 
appears as the most promising approach to date: in comparison to weaning with 
only same-age peers, it allows weanlings to adjust to maternal separation more eas-
ily, prevents the typical decrease in time spent feeding following weaning and is 
associated with reduced aggressiveness, better social cohesion, as well as lower 
levels of abnormal behaviors (e.g., wood-chewing, licking/chewing of various sub-
strates) or even redirected sucking behaviors. In horses, as in other species, the 
presence of calm adults can lower arousal during exposure to stressful events, pro-
mote a normal temporal distribution of main via social facilitation and favor better 
social competencies in juveniles. Beyond positive effects on reactions to weaning, 
it is worth noting that keeping weanlings with adults is the only artificial weaning 
method which promotes better social development in juveniles.

Key Notes
•	 Weaning in natural free-ranging situations is a progressive process result-

ing in a gradual reduction in milk intake combined with increased intake of 
solid food and increasing social independence from the mother.

•	 Artificial weaning generally takes place several months prior to the “bio-
logical” age of weaning when foals are still in close relation with their 
dams. Under such conditions, weaning is considered as one of the most 
stressful events in a domestic foal’s life.

•	 It is often considered that a foal can be artificially weaned from the age of 
4 months because its nutritional needs then exceed the level of nutrients 
available from maternal milk, but, if we consider rupture of the mare-foal 
social bond, it is far too early. Thus, it is relevant to pay attention to indi-
vidual variations in the strength of the social bond between dams and their 
foal rather than on the age of foals.
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3.3	� Nutrient Requirements of Weanling Foals 
(Markku Saastamoinen)

Adequate quantities of mare’s milk cover the most part of the nutritional require-
ment of foals during the first 3 months of life. Foals begin to ingest small amounts 
of dry feed (grass, other well-digested forages) usually during the first 10 to 21 days 
of life but can taste pasture grass even at younger age, learning it by imitating the 
dam. Although the feed dry matter and nutrient intakes are increasing as the foals 
mature and increase their body size, the proportion of solid feeds increases slowly 
with decreasing dam’s milk production until weaning. During the sucking period, 
high-quality pasture feed other than milk is not required to cover the energy and 
protein needs of the foal. Between 1 and 4 months of age, the time devoted to graz-
ing in the daily time budget increases by 7 to 25%, reaching more than 40% by the 
age of 6 months. Mare’s milk production and growth rate of the sucking foal decline 
between months 4 and 6. Same time the lactase activity decreases and that of sucrose 
and maltase increases enabling the digestion of non-structural carbohydrates in 
plant-based diets.

Nutritional needs and feeding management are crucial regarding bone health and 
development. Nutrition during the first 2 years has a greater impact on the growth 

•	 Foals closer to their mother experience more stress at weaning, for a longer 
period, and need more time to fully recover.

•	 As long as the dam is in good health and can maintain an acceptable weight 
or body condition, artificial weaning should be delayed (if the breeding 
constraints allow it) to allow continued social development.

•	 The highest short-term stress reactions are observed for foals weaned alone 
in stall boxes.

•	 Particular attention should be paid to diet, because artificial weaning is 
most often associated with weight loss. One solution is to provide before 
weaning foals a mixed diet including plenty of forage combined, if needed, 
with low amount of concentrates to facilitate the transition to a solid diet. 
A rapid switch to concentrates can induce the development of stereotypic 
behaviors and gastric disorders.

•	 Space, dispersed resources and social diversity (i.e., presence of same-age 
peers and adult conspecifics) may help foals go through this artificial sepa-
ration from the dam without developing aberrant behaviors and higher 
level of aggressiveness.

•	 The mare’s individual characteristics (e.g., whether primiparous or mul-
tiparous; whether pregnant or not; if pregnant, her stage of gestation) 
should also be considered when choosing the best time to perform artificial 
weaning. Spontaneous weaning induces absolutely no stress response in 
either partner (nor a decrease in body condition in mares) and is a step to 
go toward a more “welfare-friendly” breeding management.
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than in older horses because the growth speed is flattening at this age. Thus, proper 
nutrition of weanlings and yearlings to ensure their normal and healthy growth and 
development sets great demands on breeders. Introducing the foal to the solid feeds 
to be fed after weaning may be beneficial before weaning helping foals to start 
ingesting the feeds at a proper amount and contributes adaptation of microflora to 
new feeds. However, just providing good nutrition will not optimize bone health if 
the correct exercise is not being afforded to horses, as discussed in Chap. 6.

Feeding of growing horses is based on good-quality forages. The efficiency of 
microbial digestion could be limited if lower quality forage-rich diets are applied. 
When a new feeding is starting and new feeds are introduced, it is important to do it 
slowly (starting 3 to 4  weeks prior to weaning) and gradually and increase the 
amount of concentrate as necessary. Diet rich in fiber and fat may enhance adapta-
tion to post-weaning diet (see also Sect. 3.2.3.1 and Chap. 5).

3.3.1	� Energy Requirements

The foal uses energy for growth and maintenance. When the growth is slowing 
down with its age, the proportion of energy used for growth decreases and that for 
maintenance increases. After the age of 18 months, young horses are estimated to 
have maintenance requirements similar to mature horses.

Foal’s growth is usually monitored by body weight (BW) and withers height 
(HW) gains (see Chap. 2). Body weight gain reflects generally the growth of all tis-
sues, when growth of height at withers is a measure of skeletal growth. However, 
weight gain is stimulated to greater extent by the energy intake than skeletal growth. 
Higher level of energy supply results mainly in an increase of BW, whereas HW 
does not increase to a comparable extent. Further, studies show that young horses 
fed for rapid growth may not maximize bone deposition. If growth is reduced by 
restricted energy intake, this may result in compensatory growth later. For example, 
compensation of reduced growth during winter feeding season will occur on pas-
ture, where good feed is available, and horses can move freely.

The level of energy intake may influence skeletal development and the incidence 
of developmental problems. Studies show that ad libitum and excess energy fed 
foals have often a higher occurrence of conformational and musculoskeletal abnor-
malities than those fed restricted diets.

It has to keep in mind that it is the energy intake which plays the role and that the 
forage component (hay, haylage, pasture) of the diet forms usually the main part of 
the feed portion, varying from 50 to 100%. Consequently, the nutritional quality and 
nutrient intake (including energy) from forages have a greater impact on the amount 
and quality of nutrients consumed than the concentrate portion of the diet.

Higher concentrate intake causes lower intake of forage and vice versa. The 
accelerated growth causing skeletal abnormalities has been found to be related espe-
cially with high intakes of easily digestible carbohydrates (sugars, starch) contain-
ing concentrates, which causes hormonal changes stimulating a rapid growth of 
cartilage resulting in its improper maturation. Studies show that foals with 
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unlimited access to high-energy creep feed may exhibit signs of developmental 
orthopedic disease (DOD) which usually occurs during the most intense postnatal 
growth phase and growth spurts. Consequently, if extra feeding or creep-feeding is 
used, it is important to formulate the feed and diet individually for growth require-
ments and evaluate and balance all nutrients relative to the energy intake (see Chap. 
6). In addition, some studies suggest that replacing diets rich in starch and sugar 
with fat and fiber-rich diets may be beneficial to mitigate risks of osteochondrosis 
(OC), but some studies show no difference, because, for example, also rate of con-
sumption, diet composition (nutritional balance) and activity level are affected. 
Clinical data is lacking, and further, some research suggested that Ca and other 
mineral needs are increased when consuming diets with high fat and fiber (see 
Minerals).

Avoiding excess energy especially to foals that may be genetically predisposed 
to bone abnormalities may benefit from diets of lower energy density. Regulated 
individual and balanced feeding—i.e., avoiding both over- and undernutrition in 
any diet—is an important factor to prevent the risk for bone abnormalities.

After weaning, the appetite and feed ingesting of the foal may decrease due to 
the weaning stress and new feeds declining the energy intake. This can affect the 
growth curve of the foal; first slowing down and then speeding up the growth. This 
fluctuations, especially rapid growth rate and growth spurts, have been suggested to 
be related to the increased risk of development of DOD. Thus, these fluctuations 
have to be tried to be avoided to reduce the risk of DOD, although it is unlikely that 
an absolutely smooth growth curve can be achieved because nutrition is only one 
factor affecting the growth pattern (see Chap. 2). However, the correct dietary con-
ditioning of foals prior to weaning is essential. If creep-feeding is applied in pur-
pose to smoothen the growth curve after weaning, feed intake has to be regulated 
individually, as stated above.

According to studies, 54–57 MJ ME/62–65 MJ DE/d for weanlings (from 6–7 to 
12 months of age) and 57–69 MJ ME/66–79 MJ DE/d for yearlings can be recom-
mended for normal and optimal growth. As said, the feeding level has to be adjusted 
individually, based on the sex, breed, ambient weather conditions (see below) and 
genetic (= individual differences) of the horse (estimated based on the size and 
orthopedic health of the parents). Foals and yearlings with skeletal abnormalities or 
at risk should not be overweight. Excess energy, especially during periods of slow 
growth and when the proportion needed for growth has decreased with age, results 
in overweight when energy is stored as fat.

Adjusting the energy level of the diet effects rather the body weight than height 
(skeletal) growth of the young horse, because the heritability of, for example, with-
ers height is very high, even over 90%. Growth on the bone length continues after 
decreased energy and protein intakes. When energy intake is regulated, both con-
centrate and forage intake must be controlled, and the diet be adjusted to meet the 
needs of other essential nutrients for growth and development. For example, to 
maintain skeletal quality, the protein intake must be proportional to energy intake. 
It is also important that mineral intake matches with energy intake, which may not 
be the case when energy is oversupplied.
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Excess weight on bones and joints of a growing horse is more detrimental than 
being underweight. Monitoring the BCS (based, e.g., so-called Henneke system) of 
the growing horse is a good tool for the assessment of overweight in foals and can 
be used when energy intake is regulated to control BW. Horses with overweight and 
a BCS of 7 or greater may be at greater risk for developing DOD. Often the unsound-
ness caused by DOD may not become apparent before a young horse enters into 
training or competition. Low BCS shows undernutrition and may alter the foal to 
developmental disturbances due to lack of many nutrients. For these purposes, the 
BCS has to be checked every 21 days.

Why Various Energy Systems
For energy nutrition, there are various energy systems and recommendations 
applied in different countries. The recommendations may also apply different 
age intervals for growing horses, which makes it difficult to compare them. 
However, the practical recommendations are fairly similar. In any case, the 
recommendations are always compromises.

In each case, it is relevant to apply recommendations which take into 
account the typical geographical and national circumstances. These are for 
example climate, vegetation and feeds, as well as breeds and uses of horses. 
One important varying factor is the forage quality, which effects the daily for-
age intake. The German recommendations consider the type of the horse, and 
for example give lower recommendations for ponies and cold-blooded horses 
compared to warm-blooded or thoroughbreds. Instead, NRC considers vari-
ous growth intensities.

Recommendations depend on the composition of the typical diets, targeted 
growth rate, quality of the protein in the feeds, feed intake capacity, activity 
and other individual effects of the horse. In some recommendations minimum 
requirements are considered, when some may give “optimum” 
recommendations.

Digestibility is the major factor determining the energy value of feeds. 
Because of different traditions the energy units vary between countries. The 
most common units used in animal nutrition in different countries are 
Digestible Energy (DE) and Metabolizable Energy (ME). Feed energy poten-
tially utilizable by the animal is the ME.

Because part of the total energy is lost through urine end intestinal gases, 
ME provides a more accurate measure of a feed’s energy value than DE. ME 
is calculated from DE subtracting the energy lost in through urine and intesti-
nal gases. In ME the energy value of feedstuffs is depending on the chemical 
composition of diets. The proportion of ME in DE (ME/DE) depends primar-
ily on the type and characteristics of feeds: 78–80% for oil plant seed meals, 
84–88 for forages, 91 for straws and 90–95% for cereal grains.

ME presents the portion of the energy which is available for the body’s 
many functions, and the ME requirements can easily be defined for any 
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3.3.1.1	� Effect of Cold Weather
Maintenance energy requirement may elevate due to cold environment, being higher 
in cold-housed than in warm-housed foals and young growing horses. The thermo-
neutral zone has been defined as between 0–5 °C and 20–25 °C in horses. When 
horses are kept in cold or harsh weather below the lower critical temperature (LCT), 
additional demands for heat production should be considered to avoid weight loss. 
The average LCT of the thermoneutral zone depends on the breed, type and age of 
the horse. The LCT is higher for pony compared to light Thoroughbred type foals, 
because pony foals have a lower resting metabolic rate and, therefore, tolerate worse 
cold than light horse breeds. There is also variation in coat development, and thus, 
in cold resistance, some ponies and cold-blooded horses being most suitable for 
loose housing. For the suckling foal, the average LCT is higher than for older foals, 
approximately +20  °C.  Metabolic rate rises as the ambient temperature declines 
below the LCT. Additional energy is then needed for maintenance, when energy 
used for this is not available for growth.

Horses have thermoregulation capacity and some ability to adapt to cold climatic 
conditions. They increase their metabolic rate in cold which ability is influenced by 
the body insulation, i.e., thickness of subcutaneous fat and their coat. The body fat 
provides energy if the foal is nourished properly. Further, climatic energy demand 
gradually decreased as the horses acclimatized to the cold housing environment. In 
addition, the decreased growth during aging of the foal and young horse decreases 
the energy expenditure for growth. Over 2-year-old young horses have more fat 
because the percentage of fat of the weight gain is larger than in younger horses. 
Same time the ambient temperature is increasing from winter to spring, causing 
decline in the need of energy to heat production. These reductions in the energy 
requirements are necessary to be taken into account to avoid fattening of the grow-
ing horses.

condition. ME provides a more accurate measure of a feed’s energy value for 
the animal than DE. Using ME for horses is justified because it is used for 
most species associated with a valid structure for feed evaluation. For growing 
horses and lactating mares with large protein intakes, their importance 
increases.

In some recommendations (e.g., INRA, France), Net Energy (NE, 
expressed in horse feed units, UFC) is applied. It represents the proportion of 
the energy that can be used by the horse for growth, production of fetus and 
milk, work and maintenance of the body.

In many European energy systems, energy requirements are depressed in 
joules (usually megajoules MJ). Instead of that, in the USA (NRC), require-
ments are depressed in terms of kilocalories (kcal) or megacalories (Mcal). 
The energy in joules is equal to the calories multiplied by 4.184.
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Studies report moderate heritability estimates for body condition score (BCS), 
i.e., accumulation of fat under skin, which means a clear hereditary background 
causing individual differences of this character. In addition, growing males tended 
to be leaner and lighter than females, who accumulate more body fat compared to 
males. Consequently, all these factors are affecting cold resistance of an individual 
horse and should be considered. It is important to monitor the BCS regularly, e.g., 
every 21–30 days. Foals appear to have little or no brown adipose tissue (fat) which 
in many other species can generate heat via uncoupling protein in brown fat.

Studies show that daily temperature fluctuations under cold conditions have very 
little effect on weight-scale energy intake for growth by properly fed horses. Activity 
level of the horses also affects the metabolic rate and energy consumption. Horses 
may lose weight stabled outdoors if extra feed is not available, which can be used to 
decrease the BCS. Also managing horses in a year-around grazing system using 
forest pastures with low energy value vegetation may be suitable for obese horses.

In some cases, the horses can spare energy for heat production by decreasing the 
amount of voluntary exercise, when, in fact, their energy intake may decrease. 
Energy requirements for exercise are unlikely to be affected in low temperatures.

The recommendations in the literature for extra energy due to cold weather are 
only indicative. The extra energy needs depend on the ambient temperature and 
management system (type of shelter, e.g., isolated, non-isolated, etc.) and age and 
weight gain of the horse as well as on group dynamics. Also, precipitation and wind 
must be considered in defining the energy levels of growing horses kept in outdoor 
stabling systems in cold environments. If warm shelters are used or horses are blan-
keted, the need of extra energy for heat production decreases. Energy requirements 
for exercise are unlikely to be affected by low temperatures. Feeding high-quality 
forage with extra amounts is a proper way to supply additional energy in cold 
weather.

3.3.2	� Protein and Amino Acid Requirements

Protein is the major component of all tissues in the animal’s body, and foals need 
protein for body growth. The protein requirements of foals are higher than those of 
other horse categories and depend on their growth rate and growth potential. To 
evaluate the protein requirements for growth, knowing these and actual body weight 
is essential. Also, the maintenance requirements in growing horses are higher than 
in adult horses.

Mare’s milk is the primary nutrient source of foals, and it provides the foal all the 
needs during the first months of life, until the foal starts to eat solid feeds in increas-
ing amounts until weaning. When the foal is aging and its growth rate is slowing, the 
protein content of the gain is decreasing.

As the digestive system of the horse is developed by the age of about 1 year, also 
young horses are capable to utilize dietary protein well. Thus, residual and endog-
enous nitrogen reaching the caecum can be modified by microbial synthesis. 
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Microbes of the lower digestive tract may then improve the biological value of 
lower quality protein, but only a small proportion of the amino acids (AAs) present 
in microbial protein is made available for utilization and can be absorbed from the 
large intestine. Crude protein (CP) digestibility depends on dietary factors, e.g., 
amount, source and composition of fiber, as well as protein source and amount: CP 
digestibility is improving with increasing CP intake but decreasing with increasing 
fiber content. It is recommended in growing horses that forage with a high fiber 
content should be avoided in the diets of horses under 1 year of age.

Several studies show that weanlings are sensitive to protein level and quality, and 
young growing horses require high-quality protein responding to indispensable 
amino acid supplementation with improved growth. Protein requirement of horses 
is smaller when they are given good-quality protein. Inclusion of the first-limiting 
amino acids in the diet may improve amino acid balance and through it also amino 
acid utilization. Cereals and roughage which are usually fed to horses are deficient 
in several essential amino acids including lysine, threonine and tryptophan. These 
critical amino acids are also the least digestible AAs, particularly in cereals. 
Imbalanced mixtures of AAs further decrease the utilization of limiting AAs and 
reduce food intake and growth.

Dietary CP contents ranging between 12 and 16% are recommended for wean-
ling foals and yearlings. According to studies, 13–17% of CP can be recommended 
to foals which are weaned earlier (at 4 months of age) than between 4 and 6 months 
of age. The requirement decreases after the age of 9–10 months, and studies show 
that weanlings do not benefit from protein supplementation after 8–10 months of 
age. Low-protein diets (>9% CP) may depress bone turnover compared to the rec-
ommended CP levels.

The digestible CP (DCP) recommended in many feeding standards vary approxi-
mately between 450 and 500  g DCP for weanlings (6–7–8-12  months, mature 
weight 500 kg), and 400–450 for yearlings, assuming that lysine intake is as recom-
mended. The energy-to-protein ratio can be recommended to be about 1.13 and 
0.16 MJ DE/g DCP for weanlings and yearlings, respectively. Pre-cecally absorb-
able protein is used in German and French systems and is considered a more direct 
criterion compared to total tract digestible CP.

Increased growth in response to an increasing dietary protein level can only 
occur when essential AAs are the limiting nutrients for growth, i.e., improved pro-
tein quality can allow lower CP intake. When the protein quality (amino acid com-
position) is poor, excess dietary protein may reduce the growth, because it may 
cause additional energy costs due to extra heat production due to the catabolism of 
the excess amino acids. Further, excess dietary protein (116% of NRC) increases 
fecal Ca excretion and decreases Ca absorption.

3.3.2.1	� Amino Acids
The list of limiting amino acids (AAs) is different for different animal species. In 
weanling and yearling horses, lysine and threonine have been reported to be growth-
limiting AAs, and arginine in nurslings. AAs used for protein synthesis are taken up 
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from blood after feed ingestion. They can also be generated from the breakdown of 
muscle protein. The availability of AAs (high-quality dietary protein intake) pro-
motes protein synthesis and inhibits protein breakdown. The release of AAs from 
skeletal muscle reflects the catabolism of muscle protein and the synthesis of some 
AAs in this tissue. In addition, it is only the intake of individual AA but also AA 
balance that plays a role in foal’s growth.

Lysine is an intensively investigated AA in horses, and the detrimental effect of 
its inadequate supply on growth is well documented in the literature. Studies show 
that lysine supplementation improves the growth of weanlings, and weanlings are 
most sensitive to protein quality before the age of 8–10 months, responding to lysine 
supplementation, which is in accordance with their growth pattern.

Based on wide literature, NRC (2007) concludes that weanlings require 33–42 g/d 
lysine, and 48–50 g/d is required by yearlings, and that lysine amount should be 
4.3% of the CP requirement. Threonine has been suggested to be the second-limiting 
AA, and dietary intake of about 33–39 g/d together with an adequate lysine intake 
is deemed to be sufficient for weanlings to a proper muscle gain owing to an assumed 
improvement in AA balance.

Regarding methionine, there is not a consensus if it is a limiting AA also in 
weanlings and yearlings or not. It is an important source of sulfur and methyl 
groups for muscle and connective tissues. However, its content in mare’s milk is 
low. When supplied methionine in excess, it has been reported to inhibit Ca and P 
reabsorption. Based on studies, 0.035 g/kg BW/d seem to be safe for weanlings 
and yearlings.

Data on other AA in growing horses is inadequate to establish any accurate rec-
ommendations, but some of them are required to bone and cartilage growth and 
formation. Including protein supplements known as having a good AA content can 
be assumed to offer adequate amounts also other AAs, as can be approved by calcu-
lating the intakes from mare’s milk and supplements. Soybean or soybean meal 
(from soya oil manufacturing) or other by-products of cooking-oil production (rape-
seed, linseed, sunflower) and pea and faba bean are common ingredients used to 
improve the protein content and quality in the foals’ diets. The cooking-oil by-
products contain also fat providing energy to the diet. Grains and grasses (hay, hay-
lage) are poor in their protein quality and often also in protein amount, which in 
hays depends on the harvesting time, and do not always meet the requirements of 
growing horses. Alfalfa and other legumes and their mixtures with hays have instead 
good protein (and calcium) levels.

Improving the protein quality also decrease the total protein need resulting in 
reduced N excretion via urine and dung, and thus leaching and evaporation into 
environment. In addition, protein is an expensive component of nutrition. Studies 
show that if the AA pattern (protein quality) and availability in the ration meets the 
requirements of the foals, the CP intake can be reduced from the current recommen-
dations, having positive environmental effects.
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Key Notes
•	 Mare’s milk covers the most part of the nutritional requirement of foals 

during the first 3 months of life.
•	 Nutritional needs and feeding management, meaning proper nutrition of 

weanlings and yearlings to ensure their normal and healthy growth and 
development, are crucial regarding bone health and development.

•	 Studies show that ad libitum and excess energy fed foals have often a 
higher occurrence of conformational and musculoskeletal abnormalities 
than those fed restricted diets. Foals and yearlings with skeletal abnormali-
ties or at risk should not be overweight.

•	 Excess weight on bones and joints of a growing horse is more detrimental 
than being underweight. Monitoring the BCS of the growing horse is a 
good tool for the assessment of overweight in foals.

•	 Avoiding excess energy, especially to foals that may be genetically predis-
posed to bone abnormalities, may benefit from diets of lower energy den-
sity. Regulated individual and balanced feeding is an important factor to 
prevent the risk for bone abnormalities.

•	 When energy intake is regulated, both concentrate and forage intake must 
be controlled, and the diet be adjusted to meet the needs of other essential 
nutrients for growth and development.

•	 If growth is reduced by restricted energy intake, this may result in compen-
satory growth later. For example, compensation of reduced growth during 
winter feeding season will occur on pasture.

•	 Fluctuating growth – rapid growth rate and growth spurts – has been sug-
gested to be related to the increased risk DOD. Avoiding fluctuations may 
reduce the risk, although it is unlikely that an absolutely smooth growth 
curve can be achieved because nutrition is the only one factor affecting the 
growth pattern.

•	 The recommendations in the literature for extra energy due to cold weather 
are only indicative. The needs depend on the ambient temperature, man-
agement system and age and weight gain of the horse as well as on group 
dynamics. Also, precipitation and wind must be considered.

•	 Several studies show that weanlings are sensitive to protein level and qual-
ity, and young growing horses require high-quality protein. Increased 
growth in response to an increasing dietary protein level can only occur 
when essential AAs are the limiting nutrients for growth.

•	 Lysine is an intensively investigated AA in horses, and the detrimental 
effect of its inadequate supply on growth is well documented in the litera-
ture. Studies show that lysine supplementation improves the growth of 
weanlings, and weanlings are most sensitive to protein quality and amount 
before the age of 8–10 months.
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3.3.3	� Mineral and Vitamin Requirements and Supplementation

Foal’s health and growth and development of bones require dietary minerals and 
vitamins in appropriate amounts. Minerals are structural components in bones and 
cartilage and enzymes influencing bone metabolism. Calcium, phosphorus and 
magnesium are the most important components of bones where more than 99% of 
Ca, 80% of P and 60% of Mg are stored. Copper and zinc are involved in collagen 
and proteoglycan synthesis in bones and cartilage. However, it is important to notice 
that mineral intake alone does not increase the bone density, but mineralization and 
bone formation happens only when young horses are exercised regularly.

Bone mineral content is increasing up to approximately the age of 4 years, and 
both adequacy and balance of mineral affect the bone development. Monitoring 
(feed analysis) of mineral contents in the feeds is important to balance and supple-
ment the diet correctly and individually.

3.3.3.1	� Minerals
Calcium (Ca) and Phosphorus (P)
Skeleton of the horse is a store of calcium (Ca) and phosphorus (P). These two min-
erals are perhaps the most studied minerals in growing horses because they have a 
large impact on bone development and quality. According to NRC (2007), absorp-
tion of Ca in growing horses may be 70% but is declining with age. Absorption of P 
is lower, 30–55%, but may be better (45%) in younger foals compared to older ones. 
Recent studies conclude that inorganic phosphorus supplementation for growing 
horses can be reduced.

The Ca:P ratio in the bone is about 2.0:1. Studies show that low Ca diets for 
several months after weaning inhibit bone growth and decrease bone mineral con-
tent, and that the incidence of OC in weanling and yearlings is high with deficient 
intakes of Ca and P.

In addition, Ca and P interact in many ways in the body. For example, high Ca 
intake inhibits P uptake from the gut, and a high P intake may decrease the absorp-
tion of Ca, both due to the formation of Ca-P salts. Ca, in turn, interferes with the 
absorption of phosphorus, magnesium (Mg), Zinc (Zn), manganese (Mn), as well as 
iron (Fe) and iodine (I).

Other Minerals
Copper (Cu) has a role in the development of cartilage, and Cu deficiency may be a 
nutritional factor in the incidence of OC in foals. According to studies, foals fed 
with low Cu levels may have cartilage abnormalities. Copper is stored during gesta-
tion into the liver of the fetus and supplementation of Cu in the pregnant mare 
increases the copper concentration in the liver of the foal. These liver stores of Cu 
are essential for the healthy bone formation of a young foal, because the Cu supple-
mentation of the lactating mare doesn’t influence the milk Cu concentration, and 
thus the Cu intake by the foal. In addition, the Cu absorption from the ingested feed 
by the foal is poor. Consequently, attention should be paid on the appropriate Cu 
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intake of pregnant mares. Zinc acts in bone metabolism and in antagonism in Cu 
absorption.

Other important minerals for growing horses are selenium (Se), silicon (Si) and 
manganese (Mn). White muscle disease (WMD) is a nutritional myopathy caused 
by Se deficiency. Common symptoms are muscle weakness, inability to rise, 
impaired locomotion, lethargy and inadequate suckle reflex. Selenium acts together 
with vitamin E. However, not all foals low in serum Se and Vit E levels develop the 
disease, which suggests that individual factors (such as exercise load and other 
stressors) are also of importance in pathogenesis of the disease.

Manganese is needed for the formation of chondroitin sulfate which is critical for 
cartilage formation and metabolism. Its intake under recommendations may result 
in decreased growth. Silicon is important to both bone and cartilage development 
and metabolism.

Sources and Supplementation
Mare’s milk is a natural source of Ca and P for foals and feeding of these minerals 
to lactating mares is important to maintain their mineral reserves. Versatile mineral 
supplementation of foals is recommended, depending on the mineral status of the 
solid foods which the foal is ingesting before weaning. After weaning, supplemen-
tation may also be needed depending on the mineral contents of the basal feeds to 
meet the requirements. Tables 3.1 and 3.2 give the recommendations by the German 
recommendations. As in other nutrients, there are differences between national rec-
ommendations applied in different countries (e.g., NRC/USA, Gfe/Germany, INRA/
France).

Increasing exercise and workload increases the bone formation and mineraliza-
tion. Thus, supplementing Ca at the onset of training may be beneficial to retention 

Table 3.1  Mineral recommendations (per day) for growing horses (adult weight 500 kg) after 
weaning (adapted from Gfe 2014)

Ca g
P
g

Mg
g

Na
g

K
g

Cl
g

Fe
mg

Cu
mg

Zn
mg

Mn
mg

Se
mg

I
mg

7–12 31.0 19.9 4.2 3.0 11.0 1.7 490 75 315 315 1,05 1,05
13–
18

28.0 18.0 4.8 3.0 12.6 1.7 545 85 355 355 1,20 1,20

19–
24

24.2 15.6 5.2 2.9 13.5 1.7 485 95 385 385 1,30 1,30

Table 3.2  Vitamin A, D and E recommendations per day for growing horses (adult weight 500 kg) 
after weaning (adapted from Gfe 2014)

Vitamin A IU Vitamin D IU Vitamin E mg
7–12 17,000 5100
13–18 22,000 5900
19–24 25,500 6000

IU International unit
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of Ca and bone growth. Increased P intake may also increase P retention and is 
needed to maintain the correct and recommended Ca:P ratio in the diet, as well (see 
Chaps. 4 and 6).

It is important to have certain dietary balance between Ca and P. Diets with more 
P than Ca can result in Ca deficiency due to P’s negative effect on Ca metabolism 
and demineralization of the bone, when Ca retention into bone is interfered. Dietary 
Ca:P ratio for weanlings is recommended to be adjusted to be about 2.5:1 to 
1.4–1.2:1, at its lowest. However, horses tolerate high Ca-intakes, and any ratio 
between 1.1:1 to 6:1 should be considered safe (see Chap. 6). It has to keep in mind 
that proper mineralization of the bone and Ca deposition requires exercise and load-
ing of the bone. Short prints are considered to stimulate bone formation, while lon-
ger distances with slower speeds are not so efficient.

Mineral contents of plants are widely fluctuating depending on soil, plant spe-
cies, fertilizing, etc. The pH of the soil is influencing the mineral intake of plants, 
for example Cu and Zinc are taken by the plants with a pH optimum of 5.5–6.5 in 
the soil. Legumes (clovers, alfalfa) are rich in Ca, and cereals and their by-products 
(e.g., brans) contain a lot of P—however this being in phytate format in which P is 
poorly available. Also, availability of Zn is poor for the same reason.

Some research suggested that Ca and other mineral needs are increased when 
consuming diets with high fat and fiber which may alter the availability of minerals 
for bone development because of nutrient and chemical interactions (fat forms cal-
cium soaps binding Ca; fiber tends to capture cations).

Many other minerals interact with each other in the digestive tract of the horse, 
and can then impact each other’s absorption. However, not very precise ratios of 
various minerals are not confirmed by research. Balance between copper and zinc 
(Zn:Cu ratio) is another important relation between two minerals in foal’s nutrition. 
However, studies show that only extremely high Zn intakes in relation to Cu intake 
impair Cu absorption. Recommended Zn to Cu ratio in the diet of weanlings and 
yearlings is about 3.2–5.0. Horses are relatively tolerant to high Cu intakes.

Selenium (Se) is recommended to be supplemented in Se deficiency areas and 
countries. Horses appear to be more susceptible to Se toxicity compared to other 
animal species. Selenium is supplemented to fertilizers in some countries and com-
monly to mineral concentrates.

It is more important to feed the horses balanced ration rather than increase intake 
and supplement of a single mineral. For example, free-choice supplementing of Ca 
doesn’t ensure adequate intake of Ca. Balancing the diet for minerals is important 
to prevent detrimental interactions and deficiencies in the animal but also to avoid 
leaching of minerals to the environment. All supplementing is necessary to be based 
on feed and soil analyses.

Different feeding standards apply various ways to give the recommended intakes: 
per ingested feed DM content or based on the age or weight of the foal.

3.3.3.2	� Vitamins
Vitamins are important for the metabolism of growing horses. However, very accu-
rate recommendations are missing or recommendations are based on very limiting 
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data. There is a consensus that an effective way to assure adequate intake of vita-
mins is to allow access to good-quality pasture. Preserved forages (hay, haylage) 
may also be good sources of vitamins if harvested and stored properly—they have 
to be leafy and stored away from light. After harvesting, the forages begin to lose 
their vitamin (or provitamin) contents, and supplementing is often needed during 
indoor feeding. Both over- and under-feeding have been avoided.

Vitamin A is important for bone metabolism. It has also a role in maintaining 
immune response to infections, and low vitamin A status has been found to be asso-
ciated with respiratory infection in weanlings. No supplementation is needed during 
grazing because pasture plants contain good amounts of beta-carotene (provitamin 
A). Supplementation is recommended when preserved forages and those lost their 
green color are fed. Vitamin A is toxic if over-supplemented causing, e.g., ataxia 
and hyperextension of various joints. Very large overdoses of vitamin A have been 
shown to stimulate bone resorption and inhibit bone formation in some other animal 
species.

Vitamin D is acting in skeletal, especially in Ca homeostasis and Ca and P 
metabolism stimulating the mineralization of the bone and cartilage and is, thus, 
important to growing horses. It is synthesized in the skin during exposure to sun-
light, but horses rely on diet as their primary source of vitamin D. Preserved forages 
are very low in vitamin D and supplementing of weanlings and young horses that 
are kept inside is recommended.

Vitamin E acting together with selenium has an important antioxidant function 
and protects cell membranes against oxidative damage due to free radicals. Adequate 
intake and supplementation are proposed to be necessary for growing horses by 
NRC (2007), but specific vitamin E needs for growing horses have, however, not 
been defined. Addition dietary fat containing polyunsaturated fatty acids (PUFA), 
e.g., oils from soybean, corn, rape and flax seed, etc., have been suggested to 
increase the supplementation need of vitamin E.

Vitamin K is involved in the bone formation and metabolism, and is that’s why 
also important to growing horses. The consumption of vitamin K increases when the 
bone formation accelerates. However, no relationship between vitamin K status and 
skeletal measures have been found in horses, and no information about require-
ments are available.

Key Notes
•	 Ca and P are perhaps the most studied minerals in growing horses because 

they have a large impact on bone development and quality. Studies show 
that low Ca diets for several months after weaning inhibit bone growth and 
decease bone mineral content.

•	 It is important to notice that mineral intake alone does not increase the 
bone density, but mineralization and bone formation happens only when 
young horses are exercised and loaded regularly.

3  Nutrition and Management at and after Weaning



60

Bibliography

Apter RC, Householder DD (1996) Weaning and weaning management of foals: a review and 
some recommendations. J Equine Vet Sci 16:428–435

Austbo D (2005) Rations for intensive growth in young horses. In: Juliand V, Martin-Rosset W 
(eds) The growing horse: nutrition and prevention of growth disorders. EAAP Publication 114. 
Wageningen Academic Publishers, Wageningen, pp 137–146

Autio E, Heiskanen M-L (2007) Thermographic evaluation of the lower critical temperature in 
weanling horses. J Appl Anim Wef Sci 10:207–216

Barber JA, Crowell-Davis SL (1994) Maternal behavior of Belgian (Equus caballus) mares. Appl 
Anim Behav Sci 41:161–189

Barneveld A, van Weeren PR (1999) Conclusions regarding the influence of exercise on the equine 
muscoloskeletal system with special reference to osteochondrosis. Equine Vet J Suppl:112–119

Becvarova I, Buechner-Maxwell V (2012) Feeding the foal for immediate and long-term health. 
Equine Vet J Suppl. 41:149–156

Berger JM, Spier SJ, Davies R, Gardner IA, Leutenegger CM, Bain M (2013) Behavioral and 
physiological responses of weaned foals treated with equine appeasing pheromone: a double-
blinded, placebo-controlled, randomized trial. J Vet Behav 8:265–277

Bergman K, Sarkar P, Glover V, O'Connor TG (2007) Maternal stress during pregnancy predicts 
cognitive ability and fearfulness in infancy. J Am Acad Child Adol Psych 46:1454–1463

Bolzan AM, Bonnet OJ, Wallau MO, Basso C, Neves AP, de Faccio Carvalho PC (2020) Foraging 
behavior development of foals in natural grassland. Rangel Ecol Manag 73:243–251

Bourjade M (2007) Sociogenèse et expression des Comportements Individuels et Collectifs chez 
le cheval [Sociogeny and manifestation of individual and collective Behaviours in horses]. 
Ph.D. Thesis,. Université Louis Pasteur Strasbourg, Strabourg

Bourjade M, de Roches AD, Hausberger M (2009) Adult–young ratio, a major factor regulating 
social behaviour of young: a horse study. PLoS One 4:e4888

Bourjade M, Moulinot M, Henry S, Richard-Yris MA, Hausberger M (2008) Could adults be used 
to improve social skills of young horses, Equus caballus? Develop Psych 2008(50):408–417

Breidenbach A, Schulbohm C, Harmayer J (1998) Peculiarities of vitamin D and the calcium and 
phosphate homeostatic system in horses. Vet Res 29:173–186

•	 It is important to have dietary balance between Ca and P. Dietary Ca:P 
ratio for weanlings is recommended to be adjusted to be about 2.5:1 to 
1.4–1.2:1, at its lowest, but horses tolerate high Ca-intakes, and any ratio 
between 1.1:1 to 6:1 should be considered safe (see also Chap. 6).

•	 It is more important to feed the horses balanced ration rather than increase 
intake and supplement of a single mineral. For example, free-choice sup-
plementing of Ca doesn’t ensure adequate intake of Ca.

•	 Balancing the diet for minerals is important to prevent detrimental interac-
tions and deficiencies in the animal but also to avoid leaching of minerals 
into the environment.

•	 There is a consensus that an effective way to assure adequate intake of 
vitamins is to allow access to good-quality pasture. Preserved forages (hay, 
haylage) may also be good sources of vitamins if harvested and stored 
properly—they have to be leafy and stored away from light.

S. Henry and M. Saastamoinen



61

Burns D, Gibbs PG, Potter GD (1992) Milk energy production by lactating mares. J Equine Vet 
Sci 12:118–120

Cameron EZ, Linklater WL (2000) Individual mares bias investment in sons and daughters in rela-
tion to their condition. Anim Behav 60:359–367

Camus S, Rochais C, Blois-Heulin C, Li Q, Hausberger M (2013) Birth origin differentially affects 
depressive-like behaviours: are captive-born cynomolgus monkeys more vulnerable to depres-
sion than their wild-born counterparts? PLoS One 8:e67711

Canisso IF, Podico G, Ellerbrock RE (2021) Diagnosis and treatment of mastitis in mares. Equine 
Vet Educ 2021(33):320–326. https://doi.org/10.1111/eve.13228

Christensen J, Malmkvist BL, Nielsen LJ (2008) Keeling effects of a calm companion on fear reac-
tions in naive test horses. Equine Vet J 40:46–50

Coenen M, Kienzle E, Vervuert I, Zeyner A (2011) Recent German developments in the formula-
tion of energy and nutrient requirements in horses and the resulting feeding recommendations. 
J Equine Vet Sci 31:219–229

Crowell-Davis SL (1985) Nursing behaviour and maternal aggression among welsh ponies (Equus 
caballus). Appl Anim Behav Sci 14:11–25

Crowell-Davis SL (1986) Spatial relations between mares and foals of the welsh pony (Equus 
caballus). Anim Behav 34:1007–1015

Crowell-Davis S, Weeks J (2005) Maternal behaviour and mare–foal interaction. In: Mills DS, 
McDonnell SM (eds) The domestic horse, the evolution, development and management of its 
Behavior. Cambridge, Cambridge University Press, pp 126–138

Cymbaluk NF (1989) Cold housing effects on growth and nutrient demand of young horses. J 
Anim Sci 68:3152–3162

Cymbaluk NF, Christisin GI (1989) Effects of diet and climate on growing horses. J Anim Sci 
67:48–59

Cymbaluk NF, Christison GI, Leach DH (1989) Energy uptake and utilization by limit- and ad 
libitum-fed growing horses. J Anim Sci 67:403–413

Cymbaluk NF, Christison GI, Leach DH (1990) Longitudinal growth analysis of horses following 
limited and ad libitum feeding. Equine Vet J 22:198–204

Delesalle C, de Brujn M, Wilmik S, Vandenriessche H, Mol G, Boshuizen B, Plancke L, Grinwis 
G (2017) White muscle disease in foals: focus on selenium soil content. A case series. BMC 
Vet Res 13:121

Donabedian M, Fleurance G, Perona G, Robert C, Laepage O, Trillaud-Geyel C et al (2006) Effect 
of fast vs. moderate growth rate related to nutrient intake on development orthopedic disease in 
the horse. Anim Res 55:471–486

Donato KA (1987) Efficiency and utilization of various energy sources for growth. Am J Clin Nutr 
45:164–167

Dosi MCMC, McGorum BC, Kirton RD, Cillán-Garcia E, Mellanby RJ, Keen JA, Hurst EA, 
Morgan RA (2022) The effect of season, management and endocrinopathies on vitamin D 
status in horses. Equine Vet J:1–9. https://doi.org/10.1111/evj.13873

Dubcová J, Bartošová J, Komárková M (2015) Effects of prompt versus stepwise relocation to a 
novel environment on foals' responses to weaning in domestic horses (Equus caballus). J Vet 
Behav: Clin Appl Res 10:346–352

Duncan P, Harvey PH, Wells SM (1984) On lactation and associated behaviour in a natural herd of 
horses. Anim Behav 32:255–263

Ellis A (2013) Energy systems and requirements. In: Geor RJ, Coenen M, Harris P (eds) Equine 
applied and clinical nutrition: Health welfare and performance. Elsevier Inc, pp 96–112

Erber R, Wulf M, Rose-Meierhöfer S, Becker-Birc M, Möstl E, Aurich J, Hoffmann G, Aurich C 
(2012) Behavioral and physiological responses of young horses to different weaning protocols: 
a pilot study. Stress 15:184–194

Faubladier CV, Julliand L, Beuneiche C, Philippeau. (2017) Comparative fibre-degrading capacity 
in foals at immediate and late post-weaning periods. Animal 11:1497–1504

3  Nutrition and Management at and after Weaning



62

Feh C (2005) Relationships and communication in socially natural horse herds. In: Mills DS, 
McDonnell SM (eds) The domestic horse, the evolution, development and management of its 
behavior. Cambridge University Press, Cambridge, UK, pp 83–93

Fureix C, Bourjade M, Séverine H, Sankey C, Hausberger M (2012) Exploring aggression regula-
tion in managed groups of horses Equus caballus. Appl Anim Behav Sci 138:216–228

Gooding M, Merkies K (2008) Methods used in Ontario to wean foals and determination of breeder 
perception in terms of foal management and weaning. Proc Can Soc Anim Sci, Guelph, ON

Götz AA, Stefanski V (2007) Psychosocial maternal stress during pregnancy affects serum corti-
costerone, blood immune parameters and anxiety behaviour in adult male rat offspring. Physiol 
Behav 90:108–115

Graham PM, Ott EA, Brendemuhl JH, Brendemuhl JH, TenBroek SH (1994) The effect of supple-
mental lysine and threonine on growth on growth and development of yearling horses. J Anim 
Sci 72:380–386

Graham-Thiers PM, Kronfeld DS (2005) Dietary protein influences acid-base balance in sedentary 
horses. J Equine Vet Sci 25:434–438

Grondahl AM, Dolvik NI (1993) Heritability estimations of osteochondrosis in the tibiotarsal joint 
and of bony fragments in the palmar/pantar portion of the metacarpo- and metatarsophalangeal 
joints of horses. J Am Vet Med Assoc 203:101–104

Hausberger M, Henry S, Larose C, Richard-Yris M-A (2007) First suckling: a crucial event for 
mother-young attachment? An experimental study in horses (Equus caballus). J Comp Psychol 
121:109–112

Hausberger M, Lesimple C, Henry S (2021) Detecting welfare in a non-verbal species: social/
cultural biases and difficulties in horse welfare assessment. Animals 11:2249

Heitor F, Vicente L (2000) Maternal care and foal social relationships in a herd of Sorraia horses: 
Influence of maternal rank and experience. Appl Anim Behav Sci 113:189–205

Heleski CR, Shelle AC, Nielsen BD, Zanella AJ (2002) Influence of housing on weanling horse 
behavior and subsequent welfare. Appl Anim Behav Sci 78:291–302

Henry S, Briefer S, Richard-Yris M-A, Hausberger M (2007) Are 6-month-old foals sensitive to 
dam’s influence? Dev Psychobiol 48:514–521

Henry S, Hemery D, Richard M-A, Hausberger M (2005) Influence of the establishment of a 
positive human-mare relationship on foal’s behaviour toward humans. Appl Anim Behav Sci 
93:341–362

Henry S, Richard-Yris M-A, Tordjman S, Hausberger M (2009) Neonatal handling affects durably 
bonding and social development. PLoS One 4:1–9

Henry S, Sigurjónsdóttir H, Klapper A, Joubert J, Montier G, Hausberger M (2020) Domestic foal 
weaning: need for re-thinking breeding practices? Animals 10:361

Henry S, Zanella AJ, Sankey C, Richard-Yris M-A, Marko A, Hausberger M (2012) Unrelated 
adults may be used to alleviate weaning stress in domestic foals (Equus caballus). Physiol 
Behav 106:428–438

Hintz HF (1996) Mineral requirements of growing horses. Pferdeheilkunde 12:303–306
Hoffman RM, Kronfeld DS, Holland JL, Greiwe-Crandell KM (1995) Preweaning diet and stall 

weaning method influences on stress response in foals. J Anim Sci 73:2922–2930
Holland JL, Kronfeld DS, Hoffman RM, Greiwe-Crandell KM, Boyd TL, Cooper WL, Harris 

PA (1996) Weaning stress is affected by nutrition and weaning methods. Pferdeheilkunde 
12:257–260

Houpt KA, Hintz HF, Butler WR (1984) A preliminary study of two methods of weaning foals. 
Appl Anim Behav Sci 12:177–181

Jordan RM, Myers V (1972) Effects of protein levels on growth of weanling and yearling ponies. 
J Anim Sci 34:578–581

Kienzle E, Zeyner A (2010) The development of a metabolizable energy system for horses. Anim 
Physiol Anim Nutr 94:e231–e240. https://doi.org/10.1111/j.1439-0396.2010.01015.x

Knight DA, Gabel AA, Reed SM, Bramlage LR, Tyznik WI, Embertson RM (1985) Correlation of 
dietary mineral to incidence and severity of metabolic bone disease in Ohio and Kentucky. Proc 
Am Assoc Equine Practit 31:445–461

S. Henry and M. Saastamoinen



63

Knight DA, Weibrode SE, Schmall LM, Reed SM, Gabel AA, Bramlage LR, Tyznik WI (1990) 
The effects of copper supplementation on the relevance of cartilage lesions in foals. Equine 
Vet J 22:426–432

Langlois B (1994) Inter-breed variation in the horse with regard to cold adaptation: a review. Livest 
Prod Sci 40:1–7

Lansade L, Bertrand M, Boivin X, Bouissou MF (2004) Effects of handling at weaning on man-
ageability and reactivity of foals. Appl Anim Behav Sci 87:131–149

Lansade L, Foury A, Reigner F, Vidament M, Guettier E, Bouvet G, Soulet D, Parias C, Ruet A, 
Mach N et  al (2018) Progressive habituation to separation alleviates the negative effects of 
weaning in the mother and foal. Psychoneuroendocrinology 97:59–68

Latham NR, Mason GJ (2008) Maternal deprivation and the development of stereotypic behaviour. 
Appl Anim Behav Sci 110:84–108

Lepeule J, Nareille N, Robert C, Ezanno P, Valette JP, Jacquet S et al (2009) Association of growth, 
feeding practices and exercise conditions with the prelevance of developmental orthopedic 
disease in limbs of French foals at weaning. Prev Vet Med 89:167–177

Librado P, Khan N, Fages A, Kusliy MA, Suchan T, Tonasso-Calvière L et al (2021) The origins 
and spread of domestic horses from the Western Eurasian steppes. Nature 598:634–640

Mach N, Foury A, Kittelmann S, Reigner F, Moroldo M, Ballester M, Esquerré D, Rivière J, Sallé 
G, Gérard P et al (2017) The effects of weaning methods on gut microbiota composition and 
horse physiology. Front Physiolo 8:535

Malinowski K, Hallquist NA, Helyar L, Sherman AR, Scanes CG (1990) Effect of different separa-
tion protocols between mares and foals on plasma cortisol in cell-mediated immune response. 
Equine Vet J 10:363–368

Mantovani R, Sartori C, Pigozzi G (2010) Genetics of temperament and productive traits in the 
Italian Heavy Draught Horse breed. Proceedings of 9th WCGALP. 4 p. www.wcgalp.org

Martin-Rosset W, Martin L (2015) Nutritional principles for horses–energy nutrition. In: Martin- 
Rosset W (ed) Equine nutrition: INRA nutrient requirements, recommended allowances and 
feed tables. Wageningen Academic Publishers, pp 47–59

Mastellar SL, Moffet A, Harris PA, Urschel KL (2016) Effects of threonine supplementation on 
whole-body protein synthesis and plasma metabolites in growing and mature horses. Vet J 
207:147–153. https://doi.org/10.1016/j.tvjl.2015.09.026

McBride GE, Christopherson RJ, Sauer W (1985) Metabolic rate and plasma thyroid hormone 
concentration of mature horses in response to changes in ambient temperature. Can J Anim 
Sci 65:375–382

McCall CA, Potter GD, Kreider JL (1985) Locomotor, vocal and other behavioural responses to 
varying methods of weaning in foals. Appl Anim Behav Sci 14:27–35

McCall CA, Potter GD, Kreider JL, Jenkins WL (1987) Physiological responses in foals weaned 
by abrupt or gradual methods. J Equine Vet Sci 7:368–375

Merkies K, Dubois C, Marshall K, Parois S, Graham L, Haley D (2016) A two-stage method 
to approach weaning stress in horses using a physical barrier to prevent nursing. Appl Anim 
Behav Sci 183:68–76

Millican AA, Leatherwood JL, Coverdale JA, Arnold CE, Bradbery AN, Fikes K, Goehring MS 
et al (2018) Evaluation of dietary trace mineral source on markers of cartilage metabolism in 
weanling horses challenged with lipopolysaccharide. J Anim Sci 96(Suppl 1):22–23. https://
doi.org/10.1093/jas/sky0127.043

Mok CH, Urschel KL (2020) Invited review–amino acid requirements in horses. Asian-Australas 
J Anim Sci 33:679–695. https://doi.org/10.5713/ajas.20.0050

Moons CPH, Laughlin K, Zanella AJ (2005) Effects of short-term maternal separations on wean-
ing stress in foals. Appl Anim Behav Sci 91:321–335

Morgan K (1998) Thermoneutral zone and critical temperatures of horses. J Therm Biol 23:59–61
Nicol C (1999) Understanding equine stereotypies. Equine Vet J 28:20–55. https://doi.

org/10.1111/j.2042-3306.1999.tb05151.x
Nicol CJ, Badnell-Waters AJ (2005) Suckling behaviour in domestic foals and the development of 

abnormal oral behavior. Anim Behav 70:21–29

3  Nutrition and Management at and after Weaning



64

Nicol CJ, Badnell-Waters AJ, Bice R, Kelland A, Wilson AD, Harris PA (2005) The effects of diet 
and weaning method on the behaviour of young horses. Appl Anim Behav Sci 95:205–221

NRC (2007) Nutrient requirements of horses, 6th edn. National Academy Press, Washington, 
D.C., USA

Oftedal OT, Hintz HF, Schryver HF (1983) Lactation in the horse: Milk composition and intake by 
foals. J Nutrition 113:2096–2106

Oliveira AAMA, Furtado CE, Vitti DMSS, Resende FD, Cabal Filho SLS, Tosi H, Winkler B 
(2008) Phosphorus bioavailability in diets for growing horses. Livest Sci 116:90–95

Orton RK, Hume ID, Leng RA (1985) Effects of level of dietary protein and exercise on growth 
rates of horses. Equine Vet J 17:381–385

Ott EA, Asquith RL, Feaster JP (1981) Lysine supplementation of diets for yearling horses. J Anim 
Sci 53:1496–1503

Ott EA, Asquith RL, Feaster JP, Martin FG (1979) Influence of protein level and quality on the 
growth and development of yearling horses. J Anim Sci 49:620–627

Ott EA, Brown MP, Roberts GD, Kivipelto J (2005) Influence of starch intake on growth and skel-
etal development of weanling horses. J Anim Sci 83:1033–1043

Ott EA, Kivipelto J (2002) Growth and development of yearling horses fed either alfalfa or cos-
tal bermudagrass: hay and concentrate formulated for bermudagrass hay. J Equine Vet Sci 
22:311–319

Parker M, Goodwin D, Redhead ES (2008) Survey of breeders’ management of horses in Europe, 
North America and Australia: comparison of factors associated with the development of abnor-
mal behavior. Appl Anim Behav Sci 114:206–215

Pearce SG, Firth EC, Grace ND, Fennesy PF (1998) Effect of copper supplementation on the evi-
dence of developmental orthopedic disease in pasture-fed New Zealand thoroughbreds. Equine 
Vet J 30:211–218

Randel HR (2010) Growing more durable equine athletes. Comp Exerc Physiol 7:49–56
Raub RH, Jackson SG, Baker JP (1989) The effect of exercise on bone growth and development in 

weanling horses. J Anim Sci 67:2508–2514
Reitnour CM, Salsbury RL (1975) Effect of oral or caecal administration of protein supplements 

on equine plasma amino acids. Br Vet J 131:466–473
Resende FD, Cabral Filho SLS, Tosi H, Winkler B (2008) Phosphorus bioavailability in diets for 

growing horses. Livest Sci 2008(116):90–95
Rotruck J, Pope A, Ganther H, Swanson A, Hafeman D, Hoekstra W (1973) Selenium: biochemi-

cal role as a component of glutathione peroxidase. Science. 179:588
Saastamoinen M (1991) Factors affecting growth and development of foals and young horses. Acta 

Agric Scand 40:387–396
Saastamoinen MT (1996) Protein, amino acid and energy requirements of weanling foals and 

yearlings. Pferdeheilkunde 12:297–302
Saastamoinen MT, Harris PA (2008) Vitamin requirements and supplementation in athletic horses. 

In: Saastamoinen M, Martin-Rosset W (eds) Nutrition of exercising horse. EAAP Publication 
125. Wageningen Academic Publishers, Wageningen, pp 233–254

Saastamoinen MT, Koskinen E (1993) Influence of quality of dietary protein supplement and ana-
bolic steroids on muscular and skeletal growth of foals. Anim Prod 56:135–144

Saastamoinen M, Särkijärvi S, Suomala H (2021) Protein source and intake effects on diet digest-
ibility and N excretion in horses–a risk of environmental N load of horses. Animals 11:3568. 
https://doi.org/10.3390/ani1123568

Saastamoinen M, Särkijärvi S, Valtonen E (2020) The effect of diet composition on the digestibil-
ity and fecal excretion of phosphorus in horses: A potential risk of P leaching? Animals 10:140. 
https://doi.org/10.3390/ani10010140

Savage CJ, MacCarthy RN, Jeffcott LB (1993a) Effects of dietary energy and protein on induction 
of dyschondroplasia in foals. Equine Vet J Suppl 16:74–79

Savage CJ, MacCarthy RN, Jeffcott LB (1993b) Effect of dietary phosphorus and calcium on 
introduction of dyschondroplasia in foals. Equine Vet J Suppl:80–83

S. Henry and M. Saastamoinen



65

Schryver HF, Hintz HF, Craig PH (1971) Calcium metabolism in ponies fed high phosphorus diet. 
J Nutr 101:259–264

Schryver HF, Meakim DW, Lowe JE et al (1987) Growth and calcium metabolism in horses fed 
varying levels of protein. Equine Vet J 19:280–287

Schurink A, Vogelzang RH, Ducro BJ (2010) Relation between insect bite hypersensitivity and 
body condition score in Dutch Shetland mares. Proceedings of 9th WCGALP, 4 p. www.
wcgalp.org.

Sigurjónsdóttir H, van Dierendonck M, Snorrason S, Thórhallsdóttir AG (2003) Social relation-
ships in a group of horses without a mature stallion. Behaviour 140:783–804

Spooner HS, Potter GD, Gibbs PG, Eller EM (2013) Calcium absorption and bone density in 
immature horses fed two levels of crude protein. Comp Exerc Physiol 9:119–124

Staniar WB, Kronfeld DS, Wilson JA, Lawrence LA, Cooper WC, Harri PA (2001) Growth of 
thoroughbreds fed a low-protein supplement fortified with lysine and threonine. J Anim Sci 
79:2143–2215

Stephens T, Potter G, Gibbs P, Hood D (2004) Mineral balance in juvenile horses in race training. 
J Equine Vet Sci 2004(24):438–450

Tanner SL, Wagner AL, Digianantonio RN, Harris PA, Sylvester JT, Urschel KL (2014) Dietary 
crude protein intake influeneces rates whole-body protein synthesis in weanling horses. Vet J 
202:236–243

Thompson KN, Jackson SG, Baker JP (1988b) The influence of high planes of nutrition on skeletal 
growth and development of weanling horses. J Anim Sci 66:2459–2467

Thompson KN, Jackson SG, Rooney JR (1988a) The effect of above average weight gains on the 
incidence of radiographic bone aberrations and epiphysitis in growing horses. Equine Vet Sci 
8:383–385

Trottier NL, Bott RC, Woodward A, Greene EA, Williams CA, Westendorf ML, Swinker AM, 
Mastellar SL, Martinson K (2016) Gastrointestinal nitrogen metabolism of Equids and impact 
on protein requirement. J Equine Vet Sci 45:78–86

Tyler SJ (1972) The behaviour and social organization of the New Forest ponies. Anim Behav 
Monogr 5:85–196

Waran NK, Clarke N, Farnworth M (2008) The effects of weaning on the domestic horse (Equus 
caballus). Appl Anim Behav Sci 110:42–57

Waring GH (2003) Horse behavior, 3rd edn. Noyes Publications, William Andrew Publishing, 
New York, NY, USA

Warren LK, Lawrence LM, Parker AL, Barnes T, Griffin AS (1998) The effect of weaning age on 
foal growth and radiographic bone density. J Equine Vet Sci 18:335–342

Waters A, Nicol C, French N (2002) Factors influencing the development of stereotypic and redi-
rected behaviours in young horses: findings of a four year prospective epidemiological study. 
Equine Vet J 34:572–579

Wolff A, Hausberger M (1994) Behaviour of foals before weaning may have some genetic basis. 
Ethology 96:1–10

Xiao H, Zhang L, Tuohut A, Shi G, Li H (2015) Effect of weaning age on stress-related behavior in 
foals (Equus Caballus) by abrupt-group weaning method. Phylogen Evol Biol 3:151

Yoakam SC, Kirkham WW, Beeson WM (1978) Effect of protein level on growth in young ponies. 
J Anim Sci 46:983–991

3  Nutrition and Management at and after Weaning



67

4Feeding Growing Race Horses in Work

Andrea Ellis and Markku Saastamoinen

Abstract

Work or exercise apparently increases the demand for energy more than for pro-
tein. The energy content of diets has traditionally been increased by supplement-
ing rations with grain and other starch-rich concentrates. This leads to large 
intakes of non-structural carbohydrates (NSC) predisposing horses to metabolic 
and digestive problems. High dietary NSC contents decrease the microbial diges-
tion in the hindgut also in healthy horses and are associated with higher inci-
dence of osteochondrosis and stomach ulcers. To maintain a healthy digestive 
tract and good welfare of young horses in training, an adequate supply of struc-
tural fibre is required when stabled – a minimum level of at least 1.5% of BW as 
forage feed (DM) is recommended. High calcium intake is beneficial to bone 
mineral content especially at the beginning of their breaking and training. 
However, mineral intake alone does not increase the bone density, but mineral-
ization happens only when young horses are exercised regularly. Supplementation 
needs of fat-soluble vitamins are needed depending mainly on the diet composi-
tion and forage quality. Regarding B-complex vitamins, stress conditions at the 
onset of training may reduce their adequate synthesis under the needs.
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4.1	� Introduction

The athletic demands we put on horses in the racing industry require 1.5- to 3-year-
old still-growing horses, to be worked well above light exercise level. Nutrition 
during the first 2 years of the young horse’s life has a greater impact on the growth 
than in older horses because muscle and adipose growth are most significant just 
during the first 2 years. After that the growth speed is flattening. In addition, young 
horses are increasingly kept in open stable systems which increase their voluntary 
exercise. Therefore, the nutrient needs for such horses consist not only of mainte-
nance, voluntary activity (play, group interaction) and growth but also of require-
ments for work. This leads to increased requirements for all nutrients. It will increase 
the load-bearing qualities of the musculoskeletal system, but if training and nutri-
tion are not optimized, bucked shins, micro-fractures, haemorrhage and stress frac-
tures may occur.

4.2	� Energy Requirements and Feeding

Energy requirements of young growing horses consist of needs for growth and 
increased activity due to systematic exercise. In the various energy systems applied 
in different countries, the requirements of the growing horse are increased by addi-
tional requirements for exercise. The increased energy demand of young growing 
horses in light training is approximately 15–20% above that compared to the non-
trained horses (INRA 2015; GEH 2014; NRC 2007).

The NRC (2007) gives separate tables with nutrient requirements, while other 
energy systems advise adding growth requirements to energy requirements for 
maintenance and work. Table 4.1 shows the recommendations given by NRC (2007) 
for growing working horses (at the ages of 18 and 24 months) and requirements for 
an adult horse at the same body weight. The demand for growth is larger for the 
18-month-old horses compared to the 24-month-olds because of their greater 
growth. In the German ME (GfE 2014) system, 1.3–1.4 times more energy require-
ment is estimated for Thoroughbred horses in training. This is equivalent to ‘moder-
ate exercise’ in the NRC (2007) system and no doubt refers to short-term intense 
exercise. When adding the energy requirements for growth to this, the additional 
required energy above pure bodyweight maintenance is 1.7–2.0 times maintenance 
at light to moderate work at 18 months of age. For the same work levels at 24 months, 
this reduces to 1.5 to 1.7 × maintenance as growth slows down. Overall, there is 
good agreement between systems despite the use of different energy units (see also 
Chap. 3). Exercise may also increase the voluntary feed intake of young horses, and 
the dry matter intake is estimated to be 2.5–3.0% of body weight (BW) for young 
horses in work.

The energy content of diets has traditionally been increased by supplementing 
rations with grain and other starch-rich concentrates with the aim of achieving opti-
mum growth in racehorses. This leads to large amounts of non-structural carbohy-
drates (NSC) in the feed portion predisposing horses to metabolic and digestive 
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problems. High dietary NSC contents decrease microbial digestion in the hindgut 
also in healthy horses and are associated with a higher incidence of osteochondrosis 
and stomach ulcers.

To maintain a healthy digestive tract and good welfare of young horses in train-
ing, an adequate supply of structural fibre is required when stabled – a minimum 
level of at least 1.5% of BW as forage feed (DM) is recommended with a daily 
optimum DM intake of 2.0–2.5% of BW. Research in racing trotter horses high-
lighted that high sugar and starch meals are not necessary for optimum growth and 
performance and that yearling trotters can grow, train and maintain their BCS on a 
forage-only diet when the forage is of high quality (11 MJ ME/kg; 12.9 MJ DE/kg 
DM and 150 g crude protein/kg DM). Also, adult trotters in training can be main-
tained on a forage-only diet and perform at a comparable level as those fed a typical 
forage-concentrate diet. Some feed manufacturers have responded to the need of 
minimizing the starch intake by producing lower starch concentrates for racehorses. 
Caloric intensity can be increased also by dietary fat (vegetable oils) supplementa-
tion. This indicates that it is possible to minimize the need for supplementing the 
performing horse with starchy concentrates, provided that the nutritional quality of 
the forage is high, a balancer with additional high levels of essential amino acids, 
minerals and vitamins is all that is required.

An ideal environment for young horses is still being turned out on the grass, 
which can add another 10% of energy required to their needs due to play and forag-
ing behaviour. Yearlings out on pasture will develop an optimal hindgut environ-
ment (pH), with a good balance between the majority of cellulolytic bacteria and 
some lactate producers. Anecdotal evidence and some reviews show that even high-
level competition horses are successful while living ‘outside’ or grazing for several 
hours per day, and that through this the negative impacts of confinement on tissue 
strength can be avoided (see Chap. 6).

Unfortunately, most racehorses trained for flat racing will be stabled for conve-
nience, although they may only leave their stable for a maximum of 1.5 hours/day. 
Young trotters, especially in Nordic countries, are increasingly kept outdoors after 
weaning and during the beginning of training. Young horses managed in these sys-
tems require additional energy for heat production and play. Additional energy is 
thus recommended for heat production during cold seasons. The amount of the extra 
energy depends on the ambient temperature and management system (type of shel-
ter etc.) as well as age and weight gain of the horse and on group dynamics, but 
energy requirements for exercise are unlikely to be affected by low temperatures. 
According to studies, the thermoneutral zone has been defined as between 0–5 °C 
and 20–25  °C in horses. The additional energy requirements for growing light 
horses (18–36 months old thoroughbred type and standardbred horses) may vary 
between 0.7% more DE per degree below 0 °C and up to 2.5% per degree below 
−11 °C (see also Chap. 3). To provide optimum energy for heat production, good 
quality hay and/or oats are the best choice, because digestion of fibre produces heat. 
However, in some cases, the horses can spare energy for heat production by decreas-
ing the amount of voluntary exercise, when, in fact, their energy intake may 
decrease, but this may lead to lower weight gain.
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4.3	� Protein Requirements and Feeding

Work or exercise apparently increases the demand for energy more than for protein, 
because exercise increases weight gain and muscle mass. This means that it is nec-
essary to take care of adequate protein intake and protein quality (essential amino 
acids) of the growing horse. Excessive protein consumption may increase sweating 
and urine excretion, which may increase the loss of minerals and water-soluble 
vitamins and disrupt the mineral balance of the growing horse. This may restrict the 
use of only-forage diets because early-cut high-energy grass (haylage) often con-
tains also high amounts of CP. Feeding horses on legume-based forage like alfa-alfa 
(Lucerne) hay only is not recommended for this reason. In addition, there would be 
an excess supply of calcium leading to imbalances. But legume-based forage or pel-
lets can be a valuable large component of the diet.

Table 4.2 shows protein requirements for working horses according to NRC 
(2007). The recommendation is about 80–90% and 50–80% more CP above main-
tenance only for horses of 18- and 24-month-old in light and moderate exercise, 
respectively. For young horses in training, protein requirements have in practice 
often increased linear with energy requirements, and this may be useful especially 
in the first year of training. In the s system, the ratio protein/energy ranges from 34 
to 40 CP/Mcal DE with a lowest increase at very heavy exercise level (34 g CP/
Mcal) for 2-year-old horses. However, this exercise level will not be reached for any 
type of horses in flat racing or trotting training. In the German and French systems, 
pre-caecal digestible protein intake is now estimated as it is closer to the actual 
available crude protein for horses (GfE 2014; INRA 2015). By calculation, the 
increase for an 18-month-old Thoroughbred for growth above maintenance only 
comes to 30% and for moderate training above maintenance comes to 40% resulting 
in a 70% increase in pre-caecal digestible CP requirements – this is less than the 
90% increase recommended in NRC (2007) above maintenance of BW only. 
However, additional increments of 10% may be added for environmental factors.

As the horse is still growing and building muscle, lysine requirement is of par-
ticular interest. However, in the NRC (2007) system, lysine requirements are 
directly linked to crude protein (CP) requirements (lysine (g) = CP (g) × 0.043) (see 
also Chap. 3). Therefore, the percentage increase in CP and lysine requirements 
from an adult to a growing working horse are the same (Table 4.2).

4.4	� Mineral Requirements and Supplementation

The goal of most breeders and trainers is to raise intensively young horses to meet 
early maturity before riding in intensive training and racing. Bone disorders can 
occur during the first postnatal year or/and later. Osteochondrotic lesions which 
occurred during the first postnatal year can disappear by 18 months depending on 
environmental factors such as raising management (indoor vs. outdoor), nutrition 
and exercise (training). Bone mineral content is increasing up to the age of 4 years, 
and both adequacy and balance of mineral affect the bone development. Keeping 
young horses outdoors seems to have a strong protective effect. This is mainly due 
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to the additional strengthening of the musculoskeletal system through playing and 
foraging exercise in contrast to being stables 24/7. In addition, exercise improves 
stress-bearing characteristics (bone density and metacarpal circumference) in young 
horses. However, at the onset of training, OD conditions may begin to manifest 
themselves in lameness and joint swelling. This may have been influenced by nutri-
tion and exercise at a younger age (see Chap. 3).

In the NRC (2007) system, there is an additional increase in calcium require-
ments for growth of 9%, but there is no increase in phosphorus requirements, and 
for both, there is no additional increase according to workload. However, high-
speed exercise might have a great influence on bone metabolism, which should be 
taken into consideration when training concepts are developed for young race-
horses. During the early stages of training, bone Ca may be used to meet the needs 
of muscles during their growth, which means that all the Ca removed from the bone 
is not available for the future bone deposition causing increased requirement of Ca.

It seems that high Ca intake is beneficial to bone mineral content especially in 
young growing racehorses at the beginning of their breaking and training. Studies 
show that the bone density first decreased at the onset of training or during a new 
level of training for around 30 days – therefore training should increase in steps 
(one-step increase – remain at this for at least 30 days before increasing again). The 
first 60 days of training horses are particularly vulnerable to conditions like bucked 
shin, if the increments in exercise are raised too fast. This means that the bones have 
a decreased ability to resist stress before the bone density starts to increase again as 
a consequence of exercise, when serum Ca and P concentrations decreased as the 
minerals were needed for bone formation. Thus, it is important to notice that min-
eral intake alone does not increase the bone density, but mineralization happens 
only when young horses are exercised regularly.

An increase in Ca retention may be advantageous to bone remodelling process 
and overall skeletal growth. The current NRC (2007) recommendations have to be 
applied (Table 4.3) to guarantee appropriate dietary Ca intakes for growing horses 

Table 4.3  Mineral requirements of 18-month-old lightweight horses in racing training at opti-
mum growth rates (BW 448 kg) (INRA 2015; NRC 2007)

Ca 
(g)

P 
(g)

Mg 
(g)

Na 
(g)

Cl 
(g)

K 
(g)

Cu 
(mg)

Zn 
(mg)

Co 
(mg)

Se 
(mg)

Mn 
(mg)

Fe 
(mg)

I 
(mg)

INRA
Light 
work

38 27 7 13 43 33 98 488 2 2 390 780 2

INRA
Moderate 
work

38 27 7 17 50 37 98 488 2 2 390 780 2

NRC
Light 
work

37 21 12 11 37 20 97 388 0.5 1 387 484 3.4

NRC
Moderate 
work

37 21 12 14 42 23 97 388 0.5 1 387 484 3.4
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during early training, but some studies show even higher needs may be depending 
on the breed and age (e.g. the growth and development pattern, see Chap. 2) as well 
as the type of training of the horse.

No benefit from increasing dietary P other than to maintain the optimal recom-
mended Ca:P–ratio (1.7–2.0) has been found. The increased need for dietary Ca and 
P seems to be most obvious approximately 3 to 4 months after training has begun; 
naturally, this is depending on the intensity and type of training. Energy sources fed 
have also some impact: high fat and fibre intakes may increase the need of Ca (and 
other minerals) because it may decrease their absorption from the digestive tract in 
growing horses.

Magnesium needs of young horses are not well studied, but comparing the NRC 
recommendations (NRC 1989 vs. 2007), the recommended intakes were increased 
such that the current NRC recommendation of Mg is 12.9 g/d for a 500-kg horse 
(adult weight). It also has to be considered that high dietary Ca and P intake might 
depress Mg metabolism.

The increase in body mass as a result of growth and training also results in an 
increase in the blood volume of the horse. This highlights the increased needs for 
iron (Fe) and copper (Cu), as well as other trace minerals required for muscle’s 
growth and health and blood formation. Selenium (Se) may reduce cellular damage 
caused by exercise stress. However, optimal levels of Se in diets of young horses 
have not been thoroughly investigated during times of increased oxidative stress 
such as simultaneously occurring growth and training. Some studies recommend 
complexed trace minerals to maintain muscle health in young horses in training and 
competing rather than inorganic trace minerals.

The horse loses minerals called electrolytes through sweating and urinating. 
Sweat loss will be particularly affected by humidity and temperature as well as 
intensity and duration of exercise. In addition, increased water intake will result in 
increased excretion of urine and sweat. High-fat diets may reduce heat load in hot 
weather.

Sodium, potassium (K) and chloride (Cl) are the three main minerals which are 
lost considerably from sweat and these need to be replenished. The electrolyte sup-
plementation can be given after sweating. For the young working horse, maintain-
ing a good electrolyte balance (balanced to mimic equine sweat) is very important, 
and therefore, supplements or avoidance of feeding ‘unbalanced’ straight feed may 
be recommended. Failing to balance supply of electrolytes with the rest of the ration 
can results in mineral imbalances, delay exercise recovery, and might not encourage 
rehydration. Free-choice access to salt is also recommended to compensate the loss 
of electrolytes (Coenen 2005).

4.5	� Vitamin Requirements and Supplementation

There are no precise recommendations for vitamin nutrition for growing horses in 
work. Pasture grass and preserved forages (hay, haylage) may be good sources of 
vitamins if harvested and stored them properly. Concerning this group of horses, 
however, some factors may need to be taken into account.
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Vitamin A is important in maintaining the integrity of mucous membranes, and 
these tissues are certainly put under quite hard stress also in young exercising 
horses, particularly when the training is carried out in wintertime in cold weather. It 
may also be important for immunity together with Vitamin D. Thus, the vitamin A 
requirement of exercising young horses may be higher compared to horses at rest. 
However, studies with some other animal species show that very high overdoses 
may stimulate bone resorption and inhibits bone formation.

Vitamin D is mainly involved in the metabolism of calcium and phosphorus 
and to a lesser extent magnesium metabolism. There is a possible increased need 
of vitamin D for Ca absorption from the small intestine to allow for the increase 
in bone formation (increased bone modelling) which results from increased 
amount of physical activity in young horses entering training. In the case of P, 
accelerated bone formation leads also to higher phosphorous absorption rates. 
Vitamin D is synthesized in the skin during exposure to sunlight, but horses rely 
on diet as their primary source of vitamin D. Because studies show that preserved 
forages are very low in vitamin D, supplementing of young horses that are kept 
inside and fed with preserved forages is recommended. No difference in the 
needs of supplementation has been found between blanketed and non-blan-
keted horses.

Vitamin E is important to the muscles of exercising horses acting as an antioxi-
dant. Vitamin E has a role in protecting cells against oxidative damage, and it acts 
together with Se, and adequate intake and supplementation are proposed to be nec-
essary for growing horses by NRC (2007). However, specific needs for growing 
horses in training have not been defined, but supplementations recommended to 
exercising horses can be applied also to young growing horses. The addition of 
dietary fat containing polyunsaturated fatty acids (PUFA), e.g. oils from soybean, 
corn, rape and flax seed etc., has been suggested to increase the supplementation 
need of vitamin E.

In addition to homeostasis, vitamin K is involved in bone mineralization, remod-
elling and metabolism. Vitamin K is synthesised in the colon by the endogenous 
microflora. A good source of vitamin K is green grass and forage harvested and 
preserved properly. It is possible that consumption and need of vitamin K is 
increased at the beginning of exercise training of young horses with increasing bone 
loading resulting in accelerated bone formation.

Vitamin C (ascorbic acid) can act directly as an antioxidant preventing radical-
induced oxidative damage. It is synthesized by the horse itself, but decreased syn-
thesis due to stressful conditions and infections may increase the requirement for 
vitamin C.

B-complex vitamins are vitamins synthesized by intestinal microorganisms and 
are normally present in adequate amounts in feeds to meet their requirements. 
However, it is possible that changes in ration, intense exercise and other stress con-
ditions at the onset of training may change the synthesizing organism population to 
reduce adequate synthesis of these vitamins under the needs.
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5Feeding Practices of Mares and Young 
Horses

Malin Connysson and Markku Saastamoinen

Abstract

The feeding planning and formulation of feed ration of the growing horse during 
the indoor feeding season is always based on good quality forages. It is important 
to plan the diet’s forage-to-concentrate ratio, i.e. to optimize the forage intake 
from the health and welfare perspective of the horse. During summer, whole-day 
grazing is generally recommendable to promote the health and welfare of horses, 
and to support their natural behaviour. To know how the diet can be properly bal-
anced with supplemental feeding, the nutrient content of feeds must be known. 
Thus, a forage analysis is crucial for the successful use of diets dominated by 
forage. It is also important that all fibre sources are high in their hygienic quality, 
influenced mainly by their storing. Also, if horses are fed in groups, their indi-
vidual needs have to be considered applying individual feeding, especially if the 
group consists of horses of different sizes and breeds.
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5.1	� Introduction

Management and feeding practices of young horses during the first years of life vary 
due to many factors. There are geographical and seasonal differences because of the 
variety of feeds between the seasons and areas. The breed and horse’s further use, 
time of breaking, and different traditions are also affecting. Feeding horses outdoors 
in winter and cold climates presents a challenge to horse owners and stable manag-
ers in the northern latitudes: low temperatures, harsh winds and rain, snow and ice 
all contribute to increased nutrient requirements.

However, as a “herd animal”, horse spends about 60% of its daily behaviour and 
activities on voluntary food intake. The horse is by its evolution adapted to ingest 
forage and low starch diets, and it requires dietary fibre in the form of forage for 
proper digestion and gut health. In spite of this, horses are mostly stabled individu-
ally with restricted feed availability.

The energy requirements of growing horses consist of energy needed for mainte-
nance and for growth (see Chaps. 3 and 4). For growing horses that start training at 
a young age (mainly racing horses), energy is also needed for work. Maintenance 
requirements are the nutrients required to maintain body condition and metabolism 
during every day activities like eating, search of feed and water and to keep on 
social contacts. Maintenance energy requirements are varying between individuals 
and are affected by body composition, excitability, and ambient temperature. The 
growth happens always individually although different growth curves can be seen 
for various breeds (see Chap. 2).

Today, people are more concerned and aware of horses’ behavioural needs, and 
free barns with automatic feeders or more frequent access to feeds are coming more 
and more popular especially in managing young horses, also those in training. 
Whatever the feeding practice has been chosen (stabling, loose/group housing, pas-
ture supplementing), the intakes have to be adjusted individually.

5.2	� Water Intake

Water is the nutrient that is most important for all horses. The horse body contains 
60–70% water and maintenance requirement of water is approximately 5–6 L per 
100 kg BW, but the water consumption increases during warm weather, training, 
and lactation. The horse mainly loses water in faeces, urinating, evaporation, sweat-
ing, and milk production. In addition, feeding horses a diet containing a large 
amount of forage has been shown to increase water intake compared with a diet with 
limited forage intake.

Feral horses have been shown to walk very long distances to drink water and 
thereby have a drinking frequency of 1–4 days between water intakes. In the wild, 
water holes are also a good place for predators to hunt, so horses drink fast and 
move away to avoid being killed by predators. Horses kept by humans should, how-
ever, always have access to water. The water provided to horses should be of good 
hygienic quality. Horses prefer to drink from a calm water surface than from a 
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messy water surface. Drinking water from a bucket is preferred over drinking water 
from automatic drinking bowls, and if automatic drinking bowls are used, the flow 
rate should be around 8 L per minute. During cold conditions, it is important to 
provide water that is not frozen; to do that, isolated and heated water barrels can be 
used. Horses drink most in connection to eating, so it is important to provide water 
during feed time. However, restricted access to water is one risk factor for colic in 
horses and should therefore be avoided.

Horses do not only get water from drinking but also from feed and from meta-
bolic water. Grass, for example, contains up to 80% water. Thus, during grazing 
season, the horses eat most of the water consumed. In the same way, a high dry 
matter content forage (hay) increases drinking water intake, while a lower dry mat-
ter content forage (silage) decreases it. In case of a low water intake, water can be 
fortified with small amounts of sweet feed (e.g. 100–200 g compound feed in 20 L 
water) as horses prefer sweet feed-flavoured water compared with plain water. 
Offering a horse slightly salted (1 g/1 L) water immediately after exercise stimulates 
the horse’s thirst centre and can encourage it to drink.

5.3	� Feeding Planning

In most feeding practices of lactating mares and young growing horses, summer 
feeding is based on grazing. Thus, planning of feeding a horse starts with utilizing 
a pasture which is high in yield and rich in nutrients.

The dietary energy can by derived from carbohydrates, fat, or protein. The pro-
portions of different energy substrates that will be available to the animal are 
depending on the diet composition. The nutrient needs are presented detailed in 
Chaps. 1, 3, and 4.

The carbohydrates are either structural or non-structural (NSC). The structural 
carbohydrates (cellulose and hemicellulose) are digested by microorganisms in the 
hindgut. The main source of structural carbohydrates for horses are forages, i.e. 
pasture grass or conserved forages as hay and haylage, or e.g. hay pellets and bri-
quets. Sufficient fibre intake is essential to the proper gut health as well as ingesting 
behaviour and chewing requirements of the horse. Lack of fibre and decreased 
chewing result in declined production of saliva and lower pH in stomach, and inci-
dence of gastric ulcers, which may in turn be associated with increased risk of 
crib-biting.

The non-structural (soluble carbohydrates) consist of starch (in grains) and sugar. 
They are normally digested in the small intestine by pancreatic enzymes. Excessive 
amount of starch is a risk for leakage of it into the hindgut and causing disturbed 
fermentation that can lead to an increased production of lactic acid and thereby 
result in lower pH of the hindgut.

Some studies show that the energy substrates fed to growing horses may affect 
their health as an adult. High amount of starch may be a risk factor for abnormal 
cartilage development in growing horses, and also for insulin resistance and osteo-
chondrosis in genetically predisposed horses. Thus, a diet with a high part of forage 
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seems to be an alternative in the feeding of growing horses. In addition, no negative 
effect on weight gain and nutrient digestibility when fed high-quality high-forage 
diets (high forage-to-grain ratio) have been reported. Energy intensity can be 
increased by feeding dietary fats (oils) and thus substitutes high amounts of non-
structural carbohydrates in the diet. Oils have also been reported to reduce post-
exercise inflammation and muscle damage in young growing horses in training.

Forages are also sources of other nutrients because the cell content of the plants 
consists of water-soluble carbohydrates, proteins, peptides, lipids, vitamins, and 
minerals. Thus, the feeding planning and formulation of feed ration of the growing 
horse is always based on good quality forages. The nutritional quality of forages is 
greatly depending on the harvesting time; when grass matures, the proportion of cell 
wall increases (decreasing the digestibility), and the cell contents decrease.

Although good quality forages contain usually CP in good amounts, their AA 
profile is often insufficient for weanling horses, concerning especially lysine con-
tent. Studies show that forage-based diets usually require a protein supplementation 
with a protein-rich feed containing the limited amino acids in recommended 
amounts, and with a good digestibility (see Chap. 2).

5.4	� Indoor Feeding Management

Winter feeding is based on preserved forages, mainly hay and haylage. When pas-
ture season is over, it is important to plan the diet’s forage-to-concentrate ratio, i.e. 
to optimize the forage intake from the health’s and welfare’s perspective of the horse.

Because the horse is originally a grazing animal spending the most part of the 
day eating and searching feed, it is important to divide daily feeds into several 

Use of Body Condition Score (BCS)
The proper energy intake for maintenance and growth can be quite easy to 
evaluate since insufficient energy intake will decrease adipose tissue and 
thereby give a lower body condition score (BCS). On the other hand, an 
excessive energy intake will increase adipose tissue and result in a higher 
BCS. Body condition scoring has been developed for adult horses but can 
preferably be used for growing horses as well, to monitor more accurate 
energy intake. The scoring point that changes most rapidly is the fat storage at 
the ribs, here an insufficient energy balance can be detected in a couple of 
weeks. Even if body condition scoring hasn’t been as well documented in 
growing horses as in adult horses, it is of great importance since all growing 
horses need to gain body weight. However, it is important to notice that this 
body weight is not only adipose tissue. There are several BCS systems in dif-
ferent countries, but the so-called Henneke system is the most used (see 
Chap. 1).
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meals. Studies have demonstrated that horses fed (at any age) only two large grain 
meals per day will lead to periods of fasting during which the gastric mucosa is 
exposed to highly acidic conditions (due to a constant production of HCl in the 
horse’s stomach). It is therefore important to spread large concentrate (starchy) 
meals over at least three meals a day and to ensure adequate intake of forage (fibri-
ous) feed. Feeding forage before grain increases salivation and bicarbonate ions that 
buffer pH and reduces the acidity of the stomach. It also reduces grain starch fer-
mentation in the hindgut (cecum and large intestine) and increases water flow 
through the stomach and, thus, the passage rate of the grain bolus.

An early harvested grass/grass-legume forage can contain enough energy and 
protein to meet young horse’s requirements. If the forage is of lower nutritional 
quality or if the horses are fed straw, some protein-rich supplement must be fed. One 
good alternative can be lucerne that is a type of forage and that is often rich in both 
protein and calcium. Other options for protein supplements are, for example, soy 
meal, by-products of cooking-oil production (rapeseed, linseed, sunflower groats 
and meals), or potato protein. Pea and faba bean are also common ingredients used 
to improve the diet and feed protein contents. There are also commercial concen-
trates that are high in protein. The diets must also be supplemented with mineral 
supplement (see Chaps. 1, 3, 4, 6). To know what kind of mineral supplement is 
needed, the mineral content of all feedstuffs in the diet must be known so that total 
intakes and mineral balances can be adjusted.

5.4.1	� Forage Supply

Since horses have a digestive system that is developed for fibre digestion, it is 
important to provide fibre in some form if there is a lack of dietary forage. To main-
tain a healthy digestive tract and good welfare of young horses in training, an ade-
quate supply of structural fibre is required—a level of 1.0 to 1.2 kg/100 kg BW as 
forage feed (DM) is recommended daily, and preferably 2  kg DM forage/100 
BW.  Lack of fibre intake may be of greater significance than the high intake of 
concentrates.

Lack of plant fibre intake for horses increases the risk of colic. Since the access 
to plant fibre is so essential for horses’ health, other fibre sources must be added if 
there is a lack of grass forages. Examples of fibre sources that can be used are, for 
example, sugar beet pulp, brans, sugar cane fibre, and reed. However, some of these 
alternative fibre sources provide less eating time which can lead to development of 
stereotypic behaviours. Some studies have shown that young horses may start ste-
reotypic behaviour during the first few months after entering training. Coprophagy 
and bedding eating can increase significantly in young horses when stabled on a 
high concentrate-low fibre (forage) diet. However, eating the bedding straw is a 
time-consuming activity as well, and may help compensate the lack of forage and 
other bulk in the diet. It is important that all fibre sources are high in their hygienic 
quality, influenced mainly by the storing.
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For indoor and winter-feeding, forage or roughage can be conserved in different 
ways. Hay and straw are conserved by drying the crop to at least 84% dry matter, 
and it is important that the hay and straw are protected from moist to maintain 
hygienical quality. Another way for conservation is in airtight conditions, for horses 
most commonly accomplished by plastic wrapping. This kind of forage has a rec-
ommended DM content of 50–70% and is called haylage. If conservation of the 
forage is disturbed, by water in the hay/straw or holes in the plastic wrapping, there 
is a risk for undesired microbial growth in the forage that can spoil it and cause 
health problems if fed.

A forage analysis is crucial for a successful use of diets dominated by forage. 
Depending on the requirements of the individual horses, a careful selection of suit-
able batches must be done. Many grass hays fed to horses may be relatively mature 
and thus low in crude protein (CP) and digestibility. Forages with low nutrient con-
tent cannot be used as the only feed for brood mares, growing horses, and horses in 
heavy exercise but early-cut grass hays/haylages may. Mixed forages (legumes and 
grass) may contain more protein and calcium than grass forages only. This can be 
considered when diets for brood mares and yearlings are composed and may greatly 
affect the need for protein and Ca supplementation.

5.4.2	� Forage Quality

Forage-based rations consisting of 80–90% forage for young horses after weaning 
are usually fed, but high-quality forages may comprise 100% of the ration of both 
mares and young horses. The main challenge is to find forage that covers the protein 
needs. A “good medium quality” (9–10% CP, 9–10 MJ ME/10.6–11.8 MJ DE) for-
age covers the protein needs of pregnant mares but may result in declined body 
condition score at foaling because of its low energy content compared to the needs. 
It is known that deficiencies in the nutrition of broodmares decrease their milk pro-
duction and foal growth, since the growth rate depends on the mare’s milk produc-
tion. However, forage-only diets may also cover the needs of lactating mares at the 
peak of lactation when the feed’s nutritional quality is good. For example, hay con-
sisted of timothy, meadow fescue, and red clover with 10.9 MJ ME (12.8 MJ DE), 
90 g digestible CP, and 6.8 g lysine per kg DM, as well as timothy-meadow fescue 
hay with 9.9 MJ ME (11.6 MJ DE), 60 g digestible CP, and 4.8 g lysine per kg DM 
are such high-quality forages.

If too energy-rich forages (or pastures) are fed ad libitum to non-pregnant, 
pregnant, or late lactating mares, they may accumulate fat and get obese, which 
may reduce their fertility. This may also result in large-sized foals causing pos-
sible problems in foaling. After weaning, high energy intakes may cause distur-
bances in bone and cartilage formation (see Chaps. 2, 6). It also increases fat 
content and weight of the horse. Monitoring the foals’ BCS, growth, and devel-
opment carefully with 2 to 3 weeks intervals is important to ensure adequate and 
balanced energy intake.

M. Connyson and M. Saastamoinen



87

Concerning growing horses in training, studies show that Standardbred yearlings 
can grow and train and maintain their BCS at around 5 on a forage-only diet when 
the forage is of high quality (11 MJ ME/kg; 12.9 MJ DE/kg DM and 150 g crude 
protein/kg DM). This indicates that it should be possible to minimize the need for 
supplementing the performing horse with (starchy) grains or concentrates.

To maintain horses’ health and to guarantee their wellbeing, it is important to 
take care of the hygienic quality of the feeds and feeding facilities in the paddocks 
or loose stables. Poor hygienic quality of feeds and feeding may cause severe prob-
lems both in gastro-intestinal tract and airways of the horse. Feeds stored and fed 
outside alter poor climatic conditions and may be a source of many harmful 
microorganisms.

5.4.3	� Feeding Management

Both adult and young horses are mainly housed in individual box stalls. Box stalls 
facilitate the supervision of horses, individual feeding, and grooming of the horses, 
but obviously limit their scope for free movement and social interaction. Box stall 
can be a helpful tool during weaning, if a horse is sick or injured and during educa-
tion of the young horse in things like grooming and wearing different equipment. 
During the time in individual box stalls, it can be a good opportunity to give miner-
als and extra energy and/or protein if needed. This can be valuable if a young grow-
ing horse is kept in a paddock with adult horses who don’t require high energy and 
protein requirements. Feeding in box stalls can be automatized by hay and concen-
trate feeders instead of manual feeding, which enables individual and controlled 
feed dosing.

Individual feeding indoors can also be done in large group boxes by learning the 
horses to be tied by their feed tub during feeding. This routine can also be helpful 
for supervision of the horses. When kept indoors, the horses should also have access 
to forage and/or straw. Forage should be fed preferably low, to mimic outdoor graz-
ing. When deciding a feeding strategy, it is important to consider forage feeding 
which gives the horse access to forage during most hours of the day.

Many hours outdoors in groups in paddocks and on pasture is however essential 
for young horses. In a study on young horses living indoors in stables, with a 
restricted possibility for voluntary movement, it has been shown to negatively affect 
bone quality when compared with young horses kept on pasture. This result was the 
same irrespective of whether the horses were training or not training (see also Chap. 
6). Also, insufficient indoor ventilation together with dust from feed and bedding 
increases the risk of horses experiencing problems with their respiratory system.

Free barns with a sleeping hall and automatic forage and concentrate feeders or 
more frequent access to feeds are becoming popular especially in managing young 
horses—also those in training—but weanlings are kept in open barns, too. Although 
horses are fed in groups, their individual needs have to be considered applying indi-
vidual feeding, especially if the group consists of different kinds (size, breed) of 
horses. Some studies show both breed and individual differences in the digestibility 
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of nutrients or energy demands. Some individuals are so called “easy keepers” accu-
mulating fat easily in their body. In addition, the amount of voluntary exercise of 
horses varies resulting in different energy needs and feeding levels. It is also known 
that group-housed growing horses are more active compared to individually housed. 
Eating and feeding are part of the social life of the horses in paddocks and the loose 
housing systems as well.

In free barns, forage is often available all day long. If the forage quality is not 
constant, horses may select the most digestible parts of the feed, and voluntary 
intake of the feed decreases with declining forage quality. However, some horses 
may compensate for the low nutritional value of the forages by increasing intake, 
but intake of large amounts of poorly digested feed may decrease the total digest-
ibility of the diet, which may result in declined energy intake.

Foals entering an environment below their thermoneutral zone consume energy 
above the maintenance needs to maintain their body condition. Thus, in cold weather 
conditions (see Chap. 3) to provide optimum energy for heat production, good qual-
ity forage (hay, haylage) and/or oats are the best choice, because digestion of fibre 
produces heat. Hay and haylage can be substituted partly by hay cubes. Beet pulp as 
a part of concentrate portion can also be used as a source of fibre. It is important to 
check the teeth of the horse and floated them, if necessary, prior to winter feeding, 
to improve the utilization of the fibrous feed. In addition, young horses are maybe 
not acclimatized to the cold environment. This is most evident in weanling foals, but 
challenges the stable staff concerning all young horses, to carefully plan and carry 
out the feeding.

Horses coming to group conditions and loose housing systems may be stressed if 
they originate from many different stables and managements. This stress may 
decrease their feed intake resulting in negative energy balance. If no automatic feed-
ers with controlled access are used, it is necessary to use feeders that allow enough 
space for each horse in the feeding stations to reduce competition and ensure ade-
quate feed intake for all horses.

5.5	� Pasture Feeding

5.5.1	� Benefits of Grazing

Grazing has a large importance in horse breeding, because it decreases the costs of 
horse keeping and offers good and balanced nutrition when taking care of proper 
management of the pastures. Whole-day grazing is generally recommendable to 
promote the health and welfare of the horses and to support the natural behaviour of 
the horses. However, the possibilities of using grazing in horse breeding are not 
equal in every part of Europe or North America, and are limited for example in the 
northern latitudes (e.g. Northern European countries, Canada) because of the short 
growth period of grass and colder weather conditions, compared to Middle and 
South European countries.
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According to some studies, horses maintained at pasture could be expected to 
have healthy gastric mucosa and effective cellulolytic bacteria activity. This is 
mainly due to fibre-rich diet and long eating time, when horses spend 16 to 17 h 
ingesting the pasture grass. Slow ingesting and movement are advantageous to 
horses of all ages, especially growing ones. Some studies have shown that also high-
level competition horses may graze for several hours per day or even for 24 h, which 
helps with nutrient balance and digestive tract health without impairment of 
performance.

Yearlings and 2-year-olds have a high compensatory growth capacity which for 
instance can be utilized during pasture feeding after a winter-feeding period. They, 
especially fillies, have an ability to accumulate body fat and maintain body weight 
in summer pastures, and the fat can be mobilized as a source of energy during winter.

There are also other benefits due to grazing in addition to the nutritional ones. 
Growing horses benefit from playing and voluntary exercise –healthy bone forma-
tion and mineralization need loading of the bones (see Chap. 6). Furthermore, stud-
ies also show that keeping foals at pasture post-weaning instead of stabling them 
inside with a restricted opportunity to free exercise in paddocks reduces the risk of 
developing abnormal behaviour. Continued grazing during the “growing” and train-
ing period will help with temperament and prevention of behavioural problems. In 
addition, grazing horses have a potential in landscape conservation and maintaining 
the biodiversity of semi-natural pastures when pasturing of other animals has 
declined.

Horses have a highly selective grazing behaviour, but they consume a wide range 
of foraging species. Their preferences can also vary during the season. Thus, the 
real nutrient intakes of the horses depend on the species they eat, because of the dif-
ferences in the chemical composition and feed values among them. They can select 
plants of high protein content and graze mostly on areas with the best nutrient value 
and quality, such as younger and leafy stage vegetation with lower NDF content.

5.5.2	� Grazing Management

High-quality, immature pasture can meet most of the nutritional requirements of 
gestating and lactating mares and foals which require especially high protein levels. 
Depending on the grass yield, good pasture can also fulfil the energy and protein 
requirements of yearlings and older still-growing horses. It can be recommended to 
start grazing of lactating mares latest 2 to 4 weeks after foaling. Early foaling mares 
are just in the beginning of lactation in spring and early summer, and those foaling 
in May–July are usually at the end stage of peak lactation in autumn. This highlights 
the importance of high-quality summer pastures for lactating mares.

From the age of 2 months, foals’ growth is not only correlated to milk intake as 
the growth starts to depend more and more on other sources of nutrients. Foals begin 
to consume small amounts of solid feeds like grass during the first 10–21 days of 
life and the amount increases with age (see Chap. 2), although they can ingest pas-
ture and other well-digested plant-based feeds already before the age of one week. 
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However, the main source of nutrients for sucking foals is mare’s milk, and to ensure 
sufficient milk production, it is necessary to guarantee the adequate availability of 
early-mature grass on the pasture. The goal is to keep the mares in moderate body 
condition. If the amount of pasture is limited or pasture quality is low, for example 
in mountain pastures or uncultivated grasslands, supplementation is needed. Grass, 
hay, silage, or haylage is usually used as supplemental feeds. Also, grains or pel-
leted feeds and beet pulp can be used. All supplemental feeds shall be balanced to 
supplement the nutrient content of the pasture grass. Monitoring sucking behaviour 
and BCS of the foal are the tools to evaluate the nutritional status of the suck-
ing foal.

Stocking rate is important for the growth of young horses on pasture. A high 
stocking rate causes high grazing pressure and decreases grass yield and availabil-
ity. Low grazing pressure, instead, will allow maturation of grasses and, thus, lower 
their nutritive value, both conditions causing a reduced growth rate. It is possible to 
apply creep-feeding of foals to supplement the milk and pasture, but it may result in 
accelerated growth and decreased bone quality and cause bone abnormalities (see 
Chaps. 2 and 6) if not adjusted individually based on the monitory of the growth. To 
maintain sufficient milk production if pasture quality or production is not high 
enough, it is therefore better to supplement the mare. One study demonstrates that 
sometimes it is also profitable to supplement the pasture grass with a protein supple-
ment to compensate the effects of the fluctuation in the grass amount and quality 
during the course of the grazing season. This improves the amino acid composition 
of nutrition and may produce a more even and balanced growth curve of the nurs-
ing foals.

Concerning many minerals, several studies demonstrate that it is necessary to 
supplement pasture diets with mineral supplements, because of the large variation 
in the mineral contents of the pasture grass, the content depending on the soil type, 
fertilizing, climatic conditions, and plant species. Mineral supplement rich in cal-
cium is recommended to be given because big amounts of calcium are excreted in 
the milk. Such a mineral mixture usually contains balanced amounts of other miner-
als, too. Copper and zinc are important minerals for proper bone development (see 
Chap. 3). Mare’s milk has rather low copper and zinc concentrations, and those 
minerals in the diet have very little effect on their contents in the milk. It is also 
recommended to feed salt (sodium) because of the low content of Na in grasses, and 
because of increasing sweating during hot weather. To ensure that mineral require-
ments are met, the mineral content of the pasture grass shall be analysed. To analyse 
pasture grass, samples should be taken from different sites of the pasture and 
then mixed.

The length of the grazing season (the growth period of pasture vegetation) var-
ies in different geographical areas, and different parts of each country depending 
on the climatic conditions and the productivity of pastures. Over-winter (year-
round) grazing is used in climates where it is possible, although the productivity 
of the pasture is low. The CP and energy contents during winter months are usu-
ally insufficient to cover the growing or pregnant horses’ needs and to maintain 
their body condition, but some vegetation studies show that the CP contents may 
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be higher than needed even in the semi-natural pasture grasses. During the grow-
ing season, the pasture grass provides surplus energy which the horses can store 
as fat to be used in winter. Year-round grazing (mares, young horses) is applied in 
Europe (e.g. rewilding of horses) in southern latitudes but has applied also in 
northern latitudes (south of 60 °N) and in Iceland for domestic breeds adapted to 
colder climates, e.g. Icelandic horse and Gotland russ that can even foal on the 
pasture. Supplemental feeding is needed at least during the winter times when 
snow covers the pasture.

Pasture Types and Management
The pastures used for horse grazing are variable, ranging from cultivated pas-
tures to natural rangelands. The rangelands can be divided into many catego-
ries, such as lowland and highland or wet and dry areas. Uncultivated natural 
and semi-natural pastures are used in many countries. These pastures are, for 
example, wetland and old natural pastures previously grazed by cattle and 
now grazed by horses for the purpose of conservation biodiversity. Also, 
mountain pastures are used.

Most of the pastures used for grazing mares and their foals are cultivated 
field pastures. Semi-natural or natural pastures with forest and different herbs 
are more usable for other horse categories. Topographically varying natural 
and mountain pastures offer good conditions for increased physical activity 
compared to flat field pastures, which makes them suitable to yearlings and 
older growing horses.

Management practices influence the productivity of the pasture and, con-
sequently, milk production of mares and growth rate of the foals. According 
to studies, the growth of horses was better on lowland pastures than on moun-
tain pastures. On the mountain pastures, energy intake might be under the 
requirements due to climatic conditions and increased activity caused by the 
varying topography. However, the feed values of natural pasture grasses may 
be as good as those of field pastures, depending on the grass species and their 
maturity. Measuring of the productivity and monitoring the BCS changes and 
growth of the horses are necessary to ensure proper nutrient intakes.

The optimum length of the pasture grass for grazing is 15–20 cm. To guar-
antee the growth and quality of the grass, the cultivated pastures shall be fer-
tilized properly, based on analysis of the soil. Also, irrigation can be used 
during dry periods. Practical analyses show that the mineral content of the 
pasture grass has a large variation. This means that grass should be supple-
mented with a proper mineral mixture.

Both continuous and rotational grazing can be applied. The first method is 
usually used in small farms with restricted land areas, supplementing the 
grass with other feeds. The latter method is recommended and ensures proper 
grass production during the whole summer. Concerning reducing parasitic 
burden on pastures, see Chap. 6.
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Key Points
•	 The feeding planning and formulation of feed ration of the growing horse 

is always based on good quality forages (grass, hay, haylage). Because the 
horse is originally a grazing animal spending the most part of the day eat-
ing, daily feeds have to be divided into several meals. When deciding a 
feeding strategy, it is important to consider forage feeding which gives the 
horse access to forage during most hours of the day.

•	 When pasture season is over, it is important to plan the diet’s forage-to-
concentrate ratio, i.e. to optimize the forage intake from the health and 
welfare perspective of the horse. To maintain a healthy digestive tract and 
good welfare of young horses, an adequate supply of structural fibre is 
required—a minimum level of 1.0 to 1.2 kg/100 kg BW as forage feed 
(DM) is recommended daily.

•	 A forage analysis is crucial for a successful use of diets dominated by forage. 
Voluntary intake of the feed decreases with declining quality. To know what 
kind of supplement is needed, the nutrient content of feeds must be known 
so that nutrient balances can be adjusted. It is important that all fibre sources 
are also high in their hygienic quality, influenced mainly by the storing.

•	 Many grass hays fed to horses may be relatively mature and thus low in their 
protein content. Such diets usually require a protein supplementation with a 
protein source containing limited amino acids. Mixed forages (legumes and 
grass) may contain more protein and calcium than grass forages only.

•	 According to several studies, forage-only diets can cover the needs of lac-
tating mares at the peak of lactation and also the requirements of yearlings 
in training when the feed nutritional quality is good.

•	 In cold weather conditions to provide optimum energy for heat production, 
good quality forage (hay, haylage) and/or oats are the best choice, because 
digestion of fibre produces heat.

•	 Although horses are fed in groups, their individual needs have to be con-
sidered applying individual feeding, especially if the group consists of dif-
ferent kinds (size, breed) of horses.

•	 Whole-day grazing is generally recommendable to promote the health and 
welfare of horses, and to support the natural behaviour of the horse.

•	 High-quality, immature pasture can meet most of the nutritional requirements 
of gestating and lactating mares and foals which require especially high pro-
tein levels. Depending on the grass yield, good pasture can also fulfil the 
energy and protein requirements of yearlings and older still-growing horses.

•	 Applying creep-feeding of sucking foals to supplement the milk and pas-
ture is possible but may result in accelerated growth and decreased bone 
quality if not adjusted individually based on the monitory of the growth.

•	 Over-winter (year-round) grazing is used in climates where it is possible. 
The CP and energy contents during winter months are usually insufficient 
to cover the growing or pregnant horses’ needs and to maintain their body 
condition. Supplemental feeding is needed at least during the winter times 
when snow covers the pasture.
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6Health Risks of Growing Horses Related 
to Exercise and Parasite Control

Brian D. Nielsen, Eva Tyden, Frida Martin, 
and Ylva Hedberg-Alm

Abstract

In this chapter, health issues related to exercise and parasite control in growing 
horses are discussed. Concerning problems associated with bone health, the 
importance of exercise is highlighted, and many of the problems can be avoided 
by providing a balanced diet and ensuring that the skeletal system is trained 
properly. Proper nutrition is vital for a healthy skeleton only if the sufficient and 
right type of exercise is accompanying it. The best opportunity to make the skel-
eton strong is to provide it with proper stimuli through exercise when a horse is 
young and growing. Due to their high susceptibility to parasitic disease, anthel-
mintic treatment in growing horses is advisable without prior diagnostics. For 
example, any move to a new group, e.g. after weaning, should be performed only 
after anthelmintic treatment. In foals and young horses, in addition to strategic 
anthelmintic treatment, management practices aiming to reduce parasite burdens 
on pastures are especially prudent. Faecal removal twice weekly has been shown 
to be more effective than anthelmintic treatment. It is advisable to practice faecal 
removal from any paddocks in use, as long as temperatures are above freezing.
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6.1	� Introduction

There are many management factors contributing health of growing horses. These 
have been dealt with in previous chapters. They include nutrient requirements, diet 
planning and rationing, nutritional and hygienic quality of the feeds, etc. In addi-
tion, gastrointestinal parasite infections may cause damage to gastrointestinal tissue 
and loss of appetite, and thus affect the growth and development of the horse. 
Concerning problems associated with bone health, many of them can be avoided 
feeding a balanced diet accompanying with sufficient exercise. Impaired health dur-
ing the growing period influences detrimentally the later use and performance 
capacity of the horse. This chapter examines two important health issues, bone 
health and parasite control. Understanding the risks and detecting the possible prob-
lems in both of these within good time prevents the incidence of larger damages.

6.2	� Bone Health and Formation: Training Effects 
and Nutrient Balance (Brian D. Nielsen)

As most horses are bred with the goal of having them develop into an animal that 
can be ridden or driven, soundness is critical. One important aspect of maintaining 
soundness is bone health. While many factors contribute to bone health, there are 
three primary ones that need to be highlighted: exercise, nutrition, and genetics. All 
three play a crucial role in the development of strong bones, but individuals manag-
ing young horses can have the greatest influence on the first two. While most people 
appreciate the importance of proper nutrition, few fully understand how critical the 
right exercise is to help transition a young horse into an equine athlete that can with-
stand the rigors of training. To understand this better, it helps to know how, and why, 
bone responds to the forces placed upon it.

6.2.1	� Influence of Exercise

6.2.1.1	� Wolf’s Law
While appearing to be a relatively inert tissue, bone is actually quite dynamic and is 
constantly undergoing change. Some of that change, and particularly that which 
occurs in the long bones of the legs follows the principles of Wolf’s Law that states 
bone changes to accommodate loads that are placed on it. In short, if less load is 
placed on the bone, it becomes weaker. If greater load is placed upon it, the bone 
becomes stronger. It has been suggested that this occurs as bone tries to maintain an 
“optimal strain environment”. The long bones will bend, or experience strain, when 
they are loaded. This bending is very tiny and is measured in microstrain, but it 
provides an important signal to the bone. If the strain experienced is great, it signals 
that the bone is not strong enough and it needs to be strengthened. Conversely, if the 
strain is low, it signals that the bone is stronger than would typically be needed and 
mineral should be removed.
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Though it might seem counterintuitive to make bone weaker, it is an important 
evolutionary advantage. Carrying around extra mineral in the legs results in an ener-
getically unfavourable condition. It is noteworthy that there are no muscles in the 
equine lower leg as it is important to keep the legs, especially the distal portion, as 
lightweight as possible. If one considers the pendulum nature of the leg, this empha-
sis on keeping the leg lightweight can be easily understood. The lower the weight, 
the slower the pendulum moves. By having the muscle on a horse’s leg located 
proximally, it allows the leg to move faster with less effort. The same applies to 
bone. As more bone mass is added, and as it is added distally, the more energy it 
takes to move the leg quickly. Thus, it is an evolutionary advantage to only have as 
much bone mass as needed to withstand the strain (bending) that would normally be 
encountered. While having bone strong enough to never break would seemingly be 
prudent, it would also slow down a prey animal making it more easily caught and 
eaten. Similarly, it would slow down a predator and put it at a disadvantage when it 
comes to catching prey. Thus, bone is constantly changing to accommodate forces 
it is likely to encounter but to remove any extra mineral that might not be needed.

6.2.1.2	� Strain Versus Cycles
Recognizing that bone is influenced by bending, one can better understand how 
various training programs influence bone strength. Many horse people are under the 
belief that slow exercise conducted over long distances is useful for increasing skel-
etal strength. Often, the first few months of training involve lots of walking, trotting, 
and some slow cantering. While there can be many benefits of slow exercise, par-
ticularly for the mind of the horse, slow work has little benefit to the bone. Research 
clearly shows that bone responds to the magnitude of the load (with speed being one 
of the primary factors affecting load), as opposed to how many times the load is 
applied (cycles or strides). The force applied to bone influences the strain (or bend-
ing) and that is the signal for the bone to become weaker or stronger. With low-
intensity work, the strain is low and thus the bone is not signalled to become 
stronger. With high-intensity work, such as that seen when sprinting, the strain is 
larger, and the bone is signalled to become stronger (or at least maintain its strength). 
Without high loads, again – typically achieved through sprinting, it is not possible 
to have high bone strength—regardless of how far a horse is trained at a slow speed.

Obviously, too many high-speed strides, particularly with a horse who has not 
been adapted to that type of exercise, can be detrimental. Like with a piece of wire 
that is repeatedly bent and experiences stress-hardening and eventually breaks, bone 
can be damaged by repeated bending and can eventually fail. However, unlike wire, 
the bone does have the capacity to repair itself if sufficient time is allowed. Further, 
bone can become stronger and more resistant to bending-related damage if properly 
trained and that is the ultimate goal of a training program.

6.2.1.3	� Linear Versus Circular Exercise
It should be noted that, ideally, young horses should have limited circular exercise. 
If it has to be included in a training program, slow and large circles are less detri-
mental than fast and small circles. When travelling in a circle, whether in a round 
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pen, on a lunge line, or on a racetrack, the faster the horse goes and the smaller the 
circle, the more uneven loading of joints that occurs as the loading force tends to 
focus on only a smaller aspect of the joint surface as opposed to being distributed 
evenly across the joint. Many well-being individuals, trying to introduce exercise to 
young horses, cause great harm to their animals by performing most of the exercise 
in circles, with resultant osteoarthritis or other joint damage being the result.

6.2.1.4	� Housing
How a horse is housed can also influence the forces experienced by the skeleton. 
Numerous studies have reported a loss in bone mass of the third metacarpus when 
young horses are removed from pasture and placed into stalls—even when race 
training commences. Being walked daily on a mechanical walker fails to prevent 
bone loss from occurring. In yearling horses removed from pasture and put into 
stalls, bone mineral content of the third metacarpal had decreased after just 1 month 
of stalling and remained lower than pre-study values for close to 5 months, includ-
ing the last 2 months of the study in which horses were put into training and ridden 
at the trot and slow canter. That study (conducted at Michigan State University in 
the late 1990s) was designed to be similar to what horses being prepared for sales 
might experience. Yearling horses often are stalled for preparation for sales with no 
access to either free or forced high-speed exercise, but instead are often just hand-
walked. Then, after being purchased at auction, those horses continue to be stalled 
as they enter training which usually only encompasses slow exercise during the first 
couple of months. By the time speed is introduced, the strength of the skeleton is 
likely much weaker than it was before horses were ever put into stalls to begin being 
prepared for sales. Tragically, many of those horses then experience injury as they 
appear to be fit, but actually have the bone that is weakened due to lack of speed. 
Once speed is introduced to a horse that has lost bone mass due to stalling, injury is 
a high possibility unless a lot of time is taken to allow the bone to readjust to the 
higher strain rates associated with the reintroduction of sprinting.

6.2.1.5	� Frequency and Length of Sprints
Several studies have documented that one daily sprint, as short as 50 meters, can 
prevent disuse-associated loss of bone in young, stall-housed animals of various 
species. Using juvenile bull calves in a terminal study, it was found that there were 
no differences in bone-breaking strength of the fused third/fourth metacarpi whether 
sprinted once, three times, or five times per week for 6 weeks. One single sprint per 
week of 71 meters, totally only 426 meters over a six-week period, produced a 25% 
increase in bone-breaking strength over calves not allowed to sprint at all. Applied 
for horses in training, this suggests that daily sprints are not necessary but providing 
a horse the opportunity to run at speed at least once per week is prudent to maintain 
bone strength. That does not mean there are no other benefits from more opportuni-
ties to sprint, but having at least some opportunity to stimulate the bone each 
week—whether while ridden or driven or while at liberty—is crucial to maintain 
bone health. In other animal species, the number of loading cycles (again, similar to 
fast strides) necessary to keep the bone strong has been shown to be quite 
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low—possibly in the range of 4 to 20. For horses, that would suggest that possibly 
just five to ten seconds of running at speed may provide the necessary signalling to 
keep bone strong. However, it is not uncommon for horses in training to have no 
opportunity to sprint for months. When speed is reintroduced and when it is of 
rather long duration (24 to 36 seconds), it is not surprising that injuries occur. If 
there are no periods of disuse-associated bone loss, bone should be able to with-
stand the sprints of that duration without issue and length of speed work should be 
able to be progressively increase.

6.2.1.6	� Bone Modelling Versus Remodelling
Many in the horse industry use the term bone remodelling to refer to all changes that 
occur within bone. Doing so is incorrect. Bone remodelling occurs throughout the 
life of an animal and refers to the replacement of old or damaged bone with new 
bone. Typically, bone remodelling results in little net change in the amount of bone 
present, little change in shape of the bone, and very little change in strength. Bone 
remodelling would be analogous to repairing potholes in a road. Damaged asphalt 
or concrete is removed and new asphalt is put into the pothole with the end-result 
being a road that is fixed, but not different in terms of size or strength than the origi-
nal road.

Bone modelling is a term few horse people are familiar with but is an extremely 
important concept—particularly as it pertains to a growing horse. Bone modelling 
occurs primarily during the period of long bone growth and is the process by which 
bone can change shape, can add or subtract bone, and increase or decrease strength. 
Given bone modelling is most active during growth of an animal, this is the time 
during which the greatest chance for increasing strength can take place. Comparing 
it to road construction, the easiest time to determine the size of the road (for exam-
ple, whether it is a small two-lane country road versus a six-lane highway) is when 
the road is being built. This is also the easiest time to alter the thickness of the road 
and the shape or curvature of it. Likewise, the best time to make bone stronger is 
during the period in which bone modelling is occurring.

It is easy to comprehend how making the bone bigger and adding more mineral 
will make it stronger. However, the shape can also influence how resistant the bone 
is to bending. If one were to take a cardboard tube and squeeze it slightly, it will 
become more oval and less round. In the direction in which the tube has greater 
width, it is more resistant to bending. In the direction in which the tube is narrower, 
it is less resistant to bending. Even though the amount of cardboard never changed, 
the shape of the tube influenced the moment of inertia. Thus, the changes that occur 
with bone modelling (changes in shape and altering how big the bone is and how 
much mineral it contains) are all critical to making the bone stronger and more 
resistant to injury. And these changes primarily happen when the animal is actively 
growing. Once the animal is skeletally mature, changes to the skeleton primarily 
occur through bone remodelling which, once again, tends to just replace old or dam-
aged bone.
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6.2.1.7	� Commencement of Training Relative to the Closure 
of Growth Plates

It is a common belief among horse people that one should wait until the knees of a 
horse are “closed” to begin training to decrease the likelihood of injury. When refer-
ring to knees being “open” or “closed”, this pertains to the closure of the epiphysial 
plates (see Chap. 2). The belief is that when this occurs and the knees are “closed”, 
the horse has reached a state of maturity at which point one can more safely train the 
horse with decreased injury risks.

Despite this widespread belief, research does not provide support for this prac-
tice. An Australian study published in the early 1970s, examined the injury rates in 
two-year-old Thoroughbreds in race training and compared them to the closure of 
the distal radial epiphysis. Horses were categorized as having knees “open”, 
“closed”, or “intermediate” at the time training commenced. The study found that 
77% of horse that started training with open epiphyseal plates remained sound 
throughout the study but only 55–56% of those who started training when their 
knees were “closed” or “intermediate” remained sound. While such findings might 
have been attributed to horses with “open knees” being trained or raced less rigor-
ously, the authors stated that many horses with open epiphyses raced six or more 
times and remained sound while numerous horses with closed epiphyses became 
unsound before their first race or before completing six races. Additionally, the 
researchers reported horses with closed epiphyses showed greater incidence of 
lameness and poor performance.

For those who understand the difference between bone modelling and remodel-
ling, the results of this study are not surprising. To make bone stronger, bone model-
ling needs to occur and that primarily takes place during long bone growth. Once 
the horse is finished growing, only bone remodelling can occur to repair damage—
but not to strengthen bone. Hence, waiting to start training until a horse has “closed 
knees” is actually detrimental to maximizing skeletal strength.

Convincing individuals that training horses while they are young and growing is 
beneficial can be challenging, especially if they are not familiar with the concept of 
bone modelling. Further, most who believe that waiting until they are skeletally 
mature also believe it is crucial for the horse’s welfare. Even the authors of the 
Australian study did not believe their own results and attempted to justify their find-
ings that were in contrast with common belief. The authors suggested that the horses 
with early closure of epiphyses may have had some nutritional factor that caused a 
“generalized skeletal dystrophy”. Like with young horses, it is recommended that 
children participate in high-cyclic repetition activities to benefit bone and joint 
health. Inactivity has been shown to be harmful to the health of epiphyseal growth 
plates. Having children play in sports shows obvious benefits and rarely would one 
suggest waiting until a human is skeletally mature before starting athletic training. 
While nutritional factors can certainly play a role in skeletal health, the importance 
of exercise in producing strong bone cannot be overemphasized, particularly in the 
growing horse.
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6.2.2	� Nutritional Factors

Proper nutrition of the growing horse is critical. While nutritional needs and feeding 
management of the growing horse is covered in Chap. 3, there are several items that 
directly relate to proper growth and development of the skeletal system which need 
to be emphasized.

6.2.2.1	� Nutrient Ratios
It has long been recognized that it is important to have more available calcium in the 
diet, relative to phosphorus, to prevent Nutritional Secondary Hyperparathyroidism 
and subsequent skeletal issues. While a 2:1 calcium to phosphorus ratio is often 
recommended, that precise ratio is not required. It has been shown that horses toler-
ate a fairly wide range of calcium to phosphorus ratios and any ratio between 1.1:1 
and 6:1 should be considered safe for a growing horse, as long as there are not such 
things as dietary oxalates (found in some tropical forages) that interfere with cal-
cium absorption. Likewise, while some have suggested very precise ratios of vari-
ous minerals (such as zinc to copper), this has yet to be confirmed by research. The 
2007 Horse NRC provides the minimum amounts required of various minerals, but 
that does not automatically translate to being a required ratio. Trying to ensure pre-
cise ratios of many nutrients would be challenging from a practical standpoint and 
a need to do so has not been documented.

A more important consideration for the growing horse may be the nutrient to 
calorie ratio. By taking into consideration the required amounts of required nutri-
ents (such as protein/amino acids and minerals such as calcium) and comparing 
those required amounts to the amount of energy required, it is possible to make sure 
that neither an excess of energy nor a deficiency in nutrients is present. Excess 
dietary energy without a relative increase in other dietary nutrients likely would 
result in horses prone to excessive weight gain in the form of body fat without the 
more desired growth of lean body mass. One study reported yearlings fed similar 
energy but less protein, calcium, and phosphorus had the same weight gain as horses 
fed an appropriate nutrient: calorie ratio but the horses fed a low nutrient to calorie 
ratio diet were shorter at the withers and had a two-fold greater rump fat thickness. 
Thus, those people feeding growing horses would be prudent to evaluate the nutri-
ent to calorie ratios of the diets their horses are receiving and compare them to the 
ratios that would be expected when fed the amounts recommended by the NRC 
(2007). The only requirement for which it is possible to know whether the amount 
being provided is appropriate is energy as one can body condition score their horse 
to know whether energy intake is adequate and appropriate. However, that still does 
not guarantee the ratio of energy to nutrients is appropriate as a horse could have an 
appropriate body condition score but could be not consuming enough other nutri-
ents necessary to support healthy growth of the skeletal system.

6.2.2.2	� Analysis of the Feed Composition
It is critical to know the nutrient content of feeds provided to horses to know whether 
requirements are being met. The only way this can be done is to have the feedstuffs 
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analysed, as highlighted in the chapters of this book dealing with nutrient require-
ments and feeding management. While most commercial feedstuffs such as grain 
mixes provide a guaranteed analysis of their nutrient content, typically such feeds 
constitute the minority portion of the diet of all types of horses. Roughages, how-
ever typically, make up the majority of what a horse consumes, thus knowing what 
nutrients are being provided by the roughages is necessary. Many forages may be 
deficient in some critical minerals and don’t meet all of the micronutrient require-
ments of growing horses but, and only by analysing the feed, it is possible to know 
what may be deficient. For example, insufficient Cu content can be detrimental to 
bone health, particularly if a horse is genetically predisposed to develop bone-
related problems.

6.2.2.3	� Exercise Versus Nutrition
There is a general belief amongst many that providing various supplements can 
improve bone health. As mentioned above, any nutrient deficiencies should be cor-
rected to prevent problems from developing. However, it is wrong to believe that 
nutrition, by itself, can make strong bone. Many nutritional studies have evaluated 
markers of bone metabolism to look for differences in response due to diet. As long 
as deficiencies are not present, few of these studies have detected changes in these 
markers due to variations in diet. By contrast, when used to evaluate variation in 
training programs, exercise, or management systems, many studies have shown 
changes in the bone markers.

One could incorrectly interpret that to mean that nutrition is not important for 
making strong bone. It is crucial to feed young horses a balanced diet in which 
dietary needs are being met. But just providing good nutrition will not optimize 
bone health if the correct exercise is not being afforded to horses. Given that bone 
responds to loading, not providing sufficient or correct stimuli for the bone to 
become stronger will result in weak bone—regardless of what the horse is fed.

6.2.3	� Role of Genetics

Certain bone and cartilage-related problems, such as those categorized as develop-
mental orthopaedic diseases (DOD), have been linked to genetics. In particular, 
osteochondrosis has been shown to have a genetic component. Despite genetics 
being established once a horse is conceived, proper nutrition and management of 
exercise and housing can decrease the chance of a horse being afflicted with associ-
ated soundness issues. Improper amounts of minerals, combined with excess energy 
or carbohydrates have been implicated in the development and severity of DOD 
and, combined with a genetic propensity for such, may increase the chance of afflic-
tion. As discussed prior, maintaining a young horse in a box stall without access to 
free exercise can be detrimental to development of the musculoskeletal system and 
is ill-advised, particularly for young horses genetically prone to osteochondrosis. 
During the first part of life, while the horse is rapidly growing, the musculoskeletal 
system is susceptible to negative influences and, in particular, the lack of loading 
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associated with stall rest. Thus, proper exercise, along with a balanced diet, are 
important tools in combatting genetically-associated bone problems.

6.3	� Parasite Control of the Foal and Young Horse (Eva 
Tyden, Frida Martin, Ylva Hedberg-Alm)

Foals and young horses are particularly susceptible to parasitic infection, as they 
have yet to develop immunity to the parasites. In addition, young horses excrete 
larger amounts of parasitic eggs compared to their mature counterparts, and sub-
stantially contribute to parasite infectivity in the environment. In contrast to feral 
horses, domesticated equines are confined to limited grazing areas, and are thus 
exposed to higher parasite infection pressures. However, because anthelmintic 
resistance has developed in several equine parasites, reliance on anthelmintic treat-
ments alone is not sustainable, in particular since no new anthelmintic drugs are 
expected to be available on the market in the foreseeable future. Thus, in foals and 
young horses, in addition to strategic anthelmintic treatment, at times without prior 
diagnostics, management practices aiming to reduce parasite burdens on pastures 
are especially prudent. The following part of this chapter will discuss the equine 

Key Points
•	 The best opportunity to make the skeleton strong is to provide it proper 

stimuli through exercise when a horse is young and growing. Once a horse 
is skeletally mature, changes in bone primarily are to repair old or dam-
aged bone, as opposed to making it stronger.

•	 Maintaining skeletal strength is one advantage resulting from housing a 
young horse on pasture and large paddocks.

•	 A horse that trots for many kilometres will have the bone that has been 
trained to accommodate only loads associated with low speeds and would 
face the risk of injury if excess strides at speed are suddenly introduced.

•	 By contrast, a horse that sprints a few dozen metres will have the bone 
trained to accommodate loads associated with high speeds. If allowed to 
run at top speed on their own, bone strength can be maintained simply 
through turn-out—even if only once or twice a week.

•	 Proper nutrition is vital for a healthy skeleton, if the proper exercise is 
accompanying it. It is impossible to have a strong skeleton if the bone is 
not stimulated to become strong through the right type of exercise.

•	 Many problems associated with bone health can be avoided by providing a 
balanced diet and ensuring the skeletal system is trained properly. Such 
training involves stimulating the bone to be strong through short sprints 
(which is often done by young horses on their own if allowed to do so) and 
by avoiding damaging joints through excessive circular exercise which 
unevenly loads the joints.
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Fig. 6.1  The schematic picture illustrates the transmission of the most common pasture-born 
parasites of horses. Illustrator Cajsa Lithell

internal parasites of particular importance to the health of foals and young horses, 
as well as preventative and treatment measures that help minimize the risk of para-
sitic disease (Fig. 6.1).

6.3.1	� Parasites of Foals and Young Horses

6.3.1.1	� Cyathostominae (Small Strongyles)
Cyathostominae are the most common equine internal parasites and infect horses of 
all ages. More than 50 different species belong to the Cyathostominae family. Adult 
parasites are 0.5–1.5 cm in length and range in colour from white to dark red.

6.3.1.2	� Life Cycle
Cyathostominae have a direct life cycle without tissue migration. Eggs in the faeces 
are deposited on the ground, where they hatch and develop to the infective larval 
stage (L3). Although development on average takes about 2–4  weeks, there is a 
direct relationship between the rate of development and temperature, with eggs able 
to yield L3 in as little as three days under optimal conditions (25–30 °C). Facilitated 
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by moisture, L3 migrate from the faecal pats to the herbage enabling infection of the 
grazing horse. After ingestion, the L3 encapsulates in the mucosa of the large colon 
and cecum, where development to L4 occurs. The L4 thereafter return to the intes-
tinal lumen and finally develop into egg-producing adult worms. The entire life 
cycle takes approximately 2–3 months. However, particularly during the autumn 
and winter months, the early L3 can enter a hypobiotic stage with arrested develop-
ment for several months up to two years. This seasonally induced arrested develop-
ment is likely due to environmental factors, such as temperature and photoperiod. A 
successive return to larval development during the spring ensures egg production 
when conditions for larval development on the pasture are optimal.

6.3.1.3	� Prevalence: Epidemiology
Cyathostominae are considered ubiquitous in grazing horses, with a prevalence of 
up to 100% reported in many regions of the world. Young horses generally excrete 
larger number of eggs in their faeces compared to more mature horses and foals. In 
the majority of healthy mature horses, the degree of egg shedding is consistent over 
time, and as a general rule, it is accepted that approximately 20% of horses are 
responsible for 80% of pasture contamination.

6.3.1.4	� Pathogenesis and Clinical Signs
The association between Cyathostominae and colic has yet to be established and 
case-control studies have failed to demonstrate a clear connection. Young horses, 
often less than 5 years of age, can, however, develop severe diarrhoea if large 
amounts of hypobiotic larvae re-emerge simultaneously, a condition known as lar-
val cyathostomiasis. The condition often occurs in late winter/early spring and can 
be fatal. In addition, large parasite burdens have been reported to cause signs of 
chronic clinical disease, such as weight loss, loose faeces, and a dull hair coat. The 
risk of clinical disease due to large burdens of Cyathostominae is likely to be 
strongly associated with the individual’s general nutrient status and overall health.

6.3.1.5	� Strongylus Vulgaris (Large Strongyles)
There are three primary species of large strongyles, Strongylus vulgaris, Strongylus 
endentatus, and Strongylus equinus, that infect the horse of which S. vulgaris is the 
most prevalent and considered to be the most pathogenic equine intestinal parasite. 
Adult S. vulgaris are dark red in colour, approximately 2.5 cm in length, and infect 
horses of all ages.

6.3.1.6	� Life Cycle
The initial life cycle is identical to that of Cyathostominae, but extensive larval 
migration within the vasculature of the horse results in a prolonged prepatent period 
of approximately 6–7 months. After ingestion of the L3 stage, development to L4 
occurs in the submucosa of the large colon, whereby the larvae begin to migrate 
through small arterial vessels, reaching the cranial mesenteric artery and its major 
branches after about 2–3  weeks. Approximately, 90  days post-infection, the L4 
moult to young L5, that return via the arteries to the ventral colon and cecum, where 
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they form small nodules in the submucosa. After rupture of the nodules, releasing 
the young adult worms into the intestinal lumen, maturation over a 6–8-week period 
into egg-producing worms occurs.

6.3.1.7	� Prevalence: Epidemiology
Before the widespread use of modern anthelmintic drugs, the prevalence of S. vul-
garis was reported to be above 80%. Thereafter, regular interval anthelmintic dos-
ing regimens led to a substantial decline in prevalence. The indiscriminate use of 
anthelmintic treatment of all horses, however, has resulted in anthelmintic resis-
tance in other nematode species, primarily Cyathostominae and Parascaris spp. As 
a result, selective anthelmintic treatment is now advocated in many parts of the 
world, and some countries (e.g. Denmark and Sweden) have subsequently seen a 
rise in S. vulgaris prevalence, with reported prevalence rates of between 12 and 28% 
at an individual level and between 61 and 64% at farm level.

6.3.1.8	� Pathogenesis and Clinical Signs
The larval migration of L4 in the cranial mesenteric artery and its branches causes 
a marked inflammation, resulting in thickening of the arterial walls and infiltration 
of inflammatory cells. One to four months post-infection, thrombosis formation 
occurs, and detachment of thrombotic material can lead to occlusion of smaller 
arteries, compromising perfusion of the intestinal wall. The result is a thrombo-
embolic colic with intestinal infarction and subsequent septic peritonitis. Affected 
horses show varying degrees of colic accompanied by signs of systemic inflamma-
tion, such as fever and elevated inflammatory markers in the blood (Fig. 6.2).

6.3.1.9	� Parascaris Spp.
The equine roundworm Parascaris spp. mainly infects foals. The adult worms mea-
sure 15–50 cm with a whitish colour. This parasite has traditionally been referred to 
as Parascaris equorum, but recent studies suggest that the related Parascaris univa-
lens is now the dominating species.

6.3.1.10	� Life Cycle
Parascaris spp. have a direct lifecycle, but unlike strongyle parasites, the eggs do 
not hatch outside the horse. Instead, the foals ingest eggs containing infective larvae 
from the environment. The eggs hatch in the small intestine and the larvae penetrate 
the intestinal wall. The larvae then migrate through the liver, lungs, and airways to 
the pharynx where they are swallowed and end up in the small intestine within 3 
weeks after infection. Here the larvae mature to adult worms, 15–50 cm in length, 
which reproduce. Egg shedding starts 10–15 weeks after infection and the female 
worms release large numbers of eggs that are passed with the faeces. Heavily 
infected foals can shed millions of Parascaris spp. eggs every day, and infective 
larvae develop within two weeks in favourable conditions. The infective eggs are 
resistant to weather conditions and survive for more than 18 months in the environ-
ment, ready to infect the next generation of foals.
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Fig. 6.2  Injuries caused by S. vulgaris. An acute non-strangulating intestinal infarction in the left 
ventral colon caused by migrating larvae in the cranial mesenteric artery and its branches. Photo 
Ove Wattle Lithell

6.3.1.11	� Prevalence: Epidemiology
Most foals are exposed to Parascaris spp. infection during their first days of life, 
and prevalence of up to 83% have been reported. Foals around 6 months old develop 
immunity to the parasite and infection of adult horses is therefore uncommon.

6.3.1.12	� Pathogenesis and Clinical Signs
Parascaris spp. are considered to be the most pathogenic parasites for foals. Clinical 
signs of infection may include mild respiratory symptoms such as coughing and 
bilateral nasal discharge due to larval migration in the lungs. Signs such as lethargy, 
weight loss, and impaired growth are suggested to be caused by adult worms com-
peting for space and nutrients in the small intestine. In severe cases, large worm 
burdens in the small intestine can cause impaction and even rupture of the intestinal 
wall, which may be lethal (Fig. 6.3).

6.3.1.13	� Strongyloides Westeri
Strongyloides westeri is a small worm (<1 cm × 1 mm) infecting foals during the 
first months of life.

6.3.1.14	� Life Cycle
Strongyloides westeri has a complex life cycle, alternating between a parasitic and 
a free-living phase, where only the females are parasitic. L3 may infect adult horses 
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Fig. 6.3  P. univalens. Large worm burdens in the small intestine can cause impaction and even 
rupture of the intestinal wall. Photo Elin Svonni

by penetrating the skin or mucous membranes followed by migration to somatic 
tissues where further development is arrested. In pregnant mares, hormones stimu-
late arrested L3 to migrate to the mammary glands. Foals become infected by two 
routes: (i) through ingestion of L3 in the mare’s milk, which is the primary route, or 
(ii) through the environment via either oral ingestion of L3 or L3 penetration of the 
skin. Within the foal, L3 undergo pulmonary migration and return to the proximal 
small intestine, where they develop to adult female worms and start to produce eggs. 
The prepatent period of S. westeri is usually 10–14 days. Eggs are passed out with 
the faeces and hatch to become either free-living males, females, or infective para-
sitic L3. Most foals develop permanent immunity to S. westeri by 5–6 months of age.

6.3.1.15	� Prevalence: Epidemiology
Historically, the prevalence of S. westeri was approximately 90%, but has dramati-
cally decreased after the entrance of anthelmintic drugs. Surveys conducted in late 
1990 to early 2000 reported prevalences of 1.5–6% and thereafter an increase to 
15–30% in later studies, conducted after 2010.

6.3.1.16	� Pathogenesis and Clinical Signs
Strongyloides westeri is a rare cause of disease, but there are cases associated with 
enteritis and diarrhoea in foals with heavy infection. Massive percutaneous penetra-
tion of L3 through the skin can cause skin irritation with hyperactivity and extreme 
discomfort (“frenzy”).
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6.3.1.17	� Tapeworms
There are three species of tapeworms (cestodes) that infect horses, and, of these, 
Anoplocephala perfoliata is the most prevalent and frequently associated with clini-
cal disease. Adult A. perfoliata are usually 25–40 mm in length with a width of 
8–14 mm.

6.3.1.18	� Life Cycle
Anoplocephala perfoliata has an indirect life cycle dependent on a free-living mite 
(Oribatidae). On the pasture, the mites ingest eggs of A. perfoliata from the horse’s 
faeces. Within the mite, the larva or oncosphere is released from the eggshell and 
further develops to the infective stage, known as a cysticercoid. This process usually 
takes 8 to 20 weeks. Horses are infected via ingestion of the mite while grazing. The 
excysted larvae of A. perfoliata move along the gastrointestinal tract with the ingesta 
to the ileocecal valve area, where the larvae attach to the intestinal mucosa and 
develop into adult worms that produce proglottids (segments containing eggs). The 
proglottids of A. perfoliata are broken up by digestion during transit and only eggs 
are passed in the faeces. The prepatent period following ingestion of an infected 
oribatid mite is 6 to 16 weeks.

6.3.1.19	� Prevalence: Epidemiology
Tapeworms infect horses of all ages, and infection has been observed in foals from 
5 months of age. The prevalence of A. perfoliata has been reported to be lower in 
horses younger than 1 year (30%) compared to adult horses (52–60%). Worldwide, 
the prevalence varies between 13 and 80%.

No actual data are available on the life span of adult A. perfoliata, but presum-
ably, this varies from a few months to several years. Mites containing cysticercoids 
can persist in the environment for 1–1 1/2 years.

6.3.1.20	� Pathogenesis and Clinical Signs
Infection with A. perfoliata can cause colic due to lesions in the intestinal lining of 
the ileocecal junction or cecum. The parasite has also been associated with recurrent 
episodes of spasmodic colic.

6.3.2	� Diagnosis

Even though all horses harbour parasites to some extent, it is important to determine 
which species the horse is infected with and, in some cases, the level of egg shed-
ding, as this will influence the choice of anthelmintic treatment.

The most common way to diagnose parasitic infection is by detecting parasite 
eggs in the faeces. It should, however, be noted that in order to detect parasite eggs 
in the faeces, a patent infection, i.e. the presence of adult parasites shedding eggs, is 
required. Therefore, horses may have clinical disease caused by parasite larvae even 
though there are no parasite eggs detected at coprological examination. All parasites 
presented above may be diagnosed by flotation techniques, where faeces are 

6  Health Risks of Growing Horses Related to Exercise and Parasite Control



112

dissolved in a flotation media with higher specific gravity than the eggs. The eggs 
then float to the top of an examination chamber and can be counted using a low 
magnification in a light microscope. If specified volumes of faeces and flotation 
media are used and a specific volume is examined, the number of eggs per gram of 
faeces (EPG) can be determined. This faecal egg count is often used to decide 
whether the horse needs parasite treatment. Due to intermittent excretion of eggs 
containing proglottoids, a modified centrifugation/flotation technique is needed to 
diagnose A. perfoliata from faecal samples.

The faecal egg count is often used to determine whether the horse needs parasite 
treatment. It should, however, be noted that in order to detect parasite eggs in the 
faeces, a patent infection, i.e. the presence of adult reproducing parasites in the 
intestine, is required. This means that EPG does not correspond to the worm burden 
and that horses may have clinical disease caused by parasite larvae even though 
there are no parasite eggs detected at coprological examination.

Since it is not possible to distinguish between eggs from small and large stron-
gyles, additional examinations are necessary. The presence of large strongyles such 
as S. vulgaris can be confirmed by microscopic examination of L3 after culturing 
the faeces for 2 weeks, allowing the eggs to hatch and L3 to develop. In addition, 
there is a real-time PCR technique that can detect S. vulgaris eggs in the faeces at 
high sensitivity. It should be noted that due to the long pre-patency period of S. vul-
garis, eggs may only be detected if more than 6 months have passed since the previ-
ous deworming.

Due to intermittent excretion of eggs containing proglottids, a modified centrifu-
gation/flotation technique is needed to diagnose A. perfoliata from faecal samples. 
In addition, there are commercial ELISA assays available to identify tapeworm 
infection by detecting tapeworm-specific antibodies in horse serum or saliva. 
However, since antibodies may persist for several weeks to months after treatment, 
there is a risk of false positive results. Serological methods are therefore suggested 
to be of better use to determine overall exposure at the farm than current infection 
of individual horses.

6.3.3	� Resistance

Anthelmintic resistance means that parasites have acquired the ability to survive 
drug treatment at a dose that would normally be lethal. This ability is due to changes 
in the genome of the parasite that are advantageous for survival under the selection 
pressure of drugs. Once resistance has established, it is usually non-reversible.

Resistance has been reported in both Parascaris spp. and Cyathostominae. 
Parascaris spp. resistance to macrocyclic lactones are considered to be wide-
spread across the world. In addition, there have been several reports of Parascaris 
spp. resistance to pyrantel and single reports of resistance to fenbendazole. In 
Cyathostominae, resistance to both benzimidazoles and pyrantel is common 
worldwide. There have also been reports of reduced efficacy of macrocyclic 

B. D. Nielsen and E. Tyden



113

lactones, as well as shortened egg reappearance times, an early sign of resistance, 
after treatment.

There are currently no available methods to determine the efficacy of anthelmin-
tic drugs against A. perfoliata in horses, although single cases of suspected treat-
ment failure to pyrantel have been described. No cases of anthelmintic resistance 
have so far been reported in either S. westeri or S. vulgaris.

The best practice to evaluate anthelmintic efficacy on the farm is to perform a 
faecal egg count reduction test (FECRT), where the faecal egg count is determined 
before and 10–14 days after treatment. If the drug is fully effective, no parasite eggs 
should be present after treatment. It is recommended to do yearly FECRT on farms 
to ensure that an effective treatment is used.

6.3.4	� Treatment and Monitoring

Due to their high susceptibility to parasitic disease, anthelmintic treatment in foals, 
and sometimes youngsters, is advisable without prior diagnostics. In older young-
stock, faecal monitoring and treatment only if EPG exceeds a pre-determined cut-
off value, often 200–500 EPG, is recommended. Whenever large strongyles or 
tapeworms are diagnosed, however, treatment should be performed regardless of 
EPG levels. A summary of the currently available published guidelines for the treat-
ment and monitoring of relevant parasites is shown in Table 6.1.

6.3.4.1	� Foals
S. westeri is not a common pathogen, and treatment should be reserved to cases with 
clinical signs, such as enteritis, with confirmed presence of the parasite using faecal 
diagnostics. Foals and yearlings, especially in larger groups and at stud farms, are, 
however, highly likely to become infected with Parascaris spp. In general, most 
guidelines specify at least two, sometimes three, treatments for Parascaris, at 2–3-
month intervals, from the age of 2 months. Due to anthelmintic treatment showing 
lower efficacy towards the larval stages, treatment of foals younger than 60 days is 
not advisable. An additional treatment of yearlings, depending on the results of fae-
cal diagnostics, may be warranted in late winter/early spring. Because of wide-
spread resistance to macrocyclic lactones, and reports of resistance also to pyrantel, 
benzimidazole is the drug of choice. Grazing foals are also exposed to Cyathostominae 
and tapeworms and will require treatment for these parasites during the autumn. 
This treatment can be done with or without prior diagnostics, depending on the 
number of foals on the farm and any historic presence of tapeworms. Since wide-
spread resistance to benzimidazole occurs in Cyathostominae, with reported resis-
tance to pyrantel, the drug of choice will be macrocyclic lactones, unless documented 
efficacy to pyrantel has been demonstrated on the farm. A faecal sample in the 
autumn can be used to direct drug choice prior to treatment. Praziquantel is the drug 
with highest efficacy against tapeworms; however, this drug is, in most countries, 
only available in combination with a macrocyclic lactone. Pyrantel at a dosage 
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twice that of the labelled dose does have efficacy against adult tapeworms. The pres-
ence of tapeworms can be assessed by faecal samples, from the age of 3 months, or 
by detection of antibodies, from the age of 5 months.

6.3.4.2	� Youngsters (1–3 Years Old)
Young horses will in general excrete larger amounts of strongyle eggs compared to 
their mature counterparts and thus contribute substantially to contamination of the 
pasture. Treatment for Cyathostominae should be based on regular faecal monitor-
ing throughout the grazing season, for example in the spring prior to turn-out, and 
during the mid- and late grazing season, depending on the climate and grazing facil-
ities. Horses exposed to long grazing seasons, or in regions where grazing is pro-
vided throughout the winter, may require additional monitoring and treatments. As 
the parasitic infection pressure in general culminates in the autumn, it is highly 
recommended to move horses to a new grazing area at this time, with faecal moni-
toring and anthelmintic treatments as required, prior to moving.

It is important to include annual diagnostics for large strongyles, using culture or 
PCR techniques, and due to the parasite’s long pre-patent period of around 6 months, 
such diagnostics are preferably performed in the spring, prior to turn-out. Some 
guidelines suggest routine treatment 1–2 times per year with a macrocyclic lactone, 
regardless of prior diagnostics, to address any large strongyles present. In addition, 
tapeworm diagnostics (serology or faecal samples) should be employed annually or 
bi-annually. If the farm has a history of documented tapeworm infection, an annual 
tapeworm treatment in the autumn of all youngstock should be considered. Stocking 
rates, pasture management practices, and time at pasture are all factors that influ-
ence the overall parasitic burden.

6.3.5	� Other Management Systems and Regrouping

Modern management practices, such as open stable systems, where youngsters are 
kept outdoors in herds throughout the year, will still require regular individual fae-
cal monitoring. If individual sampling is prohibitive, however, pooled samples of a 
maximum of five horses can be used in exceptional instances. Such sampling will 
be less sensitive for the detection of S vulgaris and does not account for individual 
egg excretion rates, potentially leading to an increase in the number of anthelmintic 
treatments given.

Any move to a new group, for example after weaning, should be performed only 
after anthelmintic treatment. Ideally, a faecal sample should be taken 14 days post-
treatment and prior to turn-out in the new group, to ensure anthelmintic efficacy.

6.3.6	� Pasture Management

In order to avoid sole reliance on anthelmintic drugs, which due to emerging resis-
tance is unadvisable, management practices to reduce the parasitic burden on pas-
tures are required in conjunction with a monitoring and treatment programme.
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Faecal removal twice weekly has been shown to be more effective than anthel-
mintic treatment and should be employed throughout the grazing season. Since lar-
val development can occur at temperatures as low as 4 °C, although at a lower rate, 
it is advisable to practice faecal removal from any paddocks in use, as long as tem-
peratures are above freezing. In addition, overwintering parasite eggs will hatch and 
develop in the spring, in response to increasing temperatures together with rainfall.

Co-grazing or rotational grazing with other animal species, such as sheep or 
cattle, is another management practice that can help to reduce infection pressures, 
since the parasites are species-specific and will not infect non-equids. High stocking 
densities should be avoided, particularly in young horses, with factors such as the 
quality of the pasture and the total number of grazing animals influencing which 
stocking rates can be tolerated. As a guideline, 0.4–1.2 hectare per horse in temper-
ate climates is suggested.

Since foals and young horses are vulnerable to parasitic disease, and with young 
horses contributing the most to pasture contamination, owing to their generally high 
egg excretion, permanent year-round pastures or paddocks should be avoided in 
these age groups. If permanent pastures are to be used, pasture management prac-
tices such as year-round faecal removal and low stocking rates are paramount. 
Ideally, the paddocks should be sectioned, allowing for parts of the paddock to rest, 
with one section grazed at a time. Rotational grazing of groups of horses on a 
monthly basis has been shown to reduce parasite infection rates.

Other methods to lower infection pressures include using the fields to harvest 
hay or deep-ploughing followed by re-seeding. Eggs of the equine roundworm, 
however, may survive deep-ploughing, with this practice resulting only in a tempo-
rary benefit, since viable eggs may return to the surface when the field is ploughed 
a second time.

Spreading non-composted manure or harrowing are practices that should be 
avoided. Harrowing effectively spreads parasite larvae over the pasture, rendering 
horses unable to use their natural instinct to avoid grazing rough areas containing 
their faeces, and has been shown to increase parasite burdens in foals. In addition, it 
is advisable to keep dung heaps separate from grazing areas.

6.3.7	� Climatic Factors

Although no larval development appears to occur below 4 °C, L3 are not very sus-
ceptible to cold and survive longer at low temperatures (−5 °C and 3 °C) compared 
to high temperatures (26 °C and 31 °C). Therefore, while resting pastures in hot and 
dry climates can be beneficial in reducing parasite burdens, but since strongyle lar-
vae can overwinter, resting pastures over the winter season is of minor benefit. 
Alternation between frost and thaw, however, has deleterious effects on most stages 
of strongyles. Thus, the climatic conditions will influence parasitic burdens and 
should be taken into consideration when designing a pasture management plan.
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